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Wkh Hphujhqfh dqg Shuvlvwhqfh ri wkh Dqjor0Vd{rq dqg Jhupdq
Ilqdqfldo V|vwhpvW
Devwudfw
Zh xvh d prudo kd}dug prgho wr frpsduh prqlwruhg +qrq0wudghg, edqn ordqv yhuvxv wudghg +qrq0
prqlwruhg, erqgv dv vrxufhv ri h{whuqdo ixqgv iru lqgxvwu|1 Zh frqwudvw wkh wkhrhwlfdo frqglwlrqv wkdw
idyrxu hdfk v|vwhp/ vxfk dv wkh vl}h dqg qxpehu ri upv/ zlwk wkh klvwrulfdo frqglwlrqv suhydlolqj
zkhq wkhvh qdqfldo v|vwhpv hyroyhg gxulqj wkh Eulwlvk dqg Jhupdq lqgxvwuldo uhyroxwlrqv1 Wkhq/
wr dgguhvv zk| glhuhqw v|vwhpv kdyh shuvlvwhg/ zh frqvlghu d odujhu prgho zlwk hqwu| vr wkdw up
vl}h dqg qxpehu duh hqgrjhqrxv1 Zh vkrz wkdw pxowlsoh htxloleuld fdq h{lvw li qdqflhuv wdnh wkh
lqgxvwuldo vwuxfwxuh dv jlyhq dqg ylfh yhuvd/ dqg zh frpsduh wkhvh htxloleuld lq zhoiduh whupv1 Ilqdoo|/
zh dujxh wkdw zlwk/ li elodwhudo fr0ruglqdwlrq lv srvvleoh/ Dqjor0Vd{rq vw|oh qdqfh v|vwhpv fdq rqo|
shuvlvw li wkh| duh h!flhqw/ exw dq hfrqrp| fdq jhw vwxfn lq dq lqh!flhqw Jhupdq vw|oh v|vwhp1
MHO Fodvvlfdwlrq= Q53/ G;5/ J53
Nh|zrugv= Prqlwrulqj/ Wudghg Ghew/ Dqjor0Vd{rq dqg Jhupdq Ilqdqfldo Lqvwlwx0
wlrqv/ Lqgxvwldol}dwlrq/ Lqwhuqdo dqg H{whuqdo Hfrqrplhv/ Prudo Kd}dug dqg Iuhh Hqwu|1
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Ehqmdplq1SrodnChfrq1|doh1hgx
WIru dq hduolhu yhuvlrq/ vhh Edoljd ) Srodn +4<<8,1 Zh wkdqn wkh hglwru dqg wzr uhihuhhv/ Wlp Jxlqqdqh/
Vwhskhq Nlqj/ Dqguhx Pdv0Frohoo/ Deklmlw Edqhumhh/ Khuehuw Eorfk/ Pdujduhw Eud|/ Mruj Ghfuhvvlq/ Mhuhp|
Hgzdugv/ Mrkq Ihuqdog/ Vlprq Judqw/ Hulf Pdvnlq/ Erd} Prvhooh/ Hppd Urwkvfklog/ Sdrod Vdslhq}d/ Nrwdur
Vx}xpxud/ Wrpdv Vmrvwurp/ Gdylg Zhlqvwhlq/ Mh Zlooldpvrq/ Huqhvw yrq Wkdgghq/ \lvkd| \dihk/ Ryhg
\rvkd/ Ulfkdug ]hfnkdxvhu14L q w u r g x f w l r q
Wkuhh txhvwlrqv prwlydwh wklv sdshu1 Iluvw/ zk| glg glhuhqw phwkrgv ri qdqfh hphujh
iurp wkh Eulwlvk dqg Jhupdq lqgxvwuldo uhyroxwlrqvB Wr wkh ghjuhh wkdw wkh qhz Hqjolvk
lqgxvwuldo upv xvhg h{whuqdo qdqfh dw doo/ lw zdv riwhq lq wkh irup ri wudghdeoh eloov ri
h{fkdqjh ru surplvvru| qrwhv1 Edqnv +qrwdeo|/ exw qrw rqo|/ wkh Jurvvedqnhq,s o d | h gd
pruh surplqhqw uroh lq ixqglqj odwh04<wk fhqwxu| Jhupdq lqgxvwuldol}dwlrq14 Vhfrqg/ zk|
glg wkhvh wzr prghv ri qdqfh qrw frqyhujh pruh txlfno| ryhu wlphB Vhsdudwh vr0fdoohg
Jhupdq dqg Dqjor0Vd{rq qdqfldo v|vwhpv shuvlvw wrgd|1 Dqg wklug/ gr wkhvh glhuhqfhv
pdwwhu lq whupv ri zhoiduhB
Hdfk ri wkh wkuhh txhvwlrqv deryh kdv d jrrg shgljuhh1 Iru h{dpsoh/ lw zdv wkh srzhu dqg
lpsruwdqfh ri wkh Jhupdq xqlyhuvdo edqnv wkdw ohg Kloihuglqj +4<43, wr ghyhors klv wkhru|
ri Ilqdqfh Fdslwdo1 Odwhu/ glhuhqw phwkrgv ri qdqfh zhuh dprqj wkh pdlq frqwudvwv lghq0
wlhg e| Jhuvfkhqnurq +4<95, lq klv vhplqdo frpsdudwlyh vwxg| ri hduo| dqg odwh lqgxvwuldo
uhyroxwlrqv=
Wkh lqgxvwuldol}dwlrq ri Hqjodqg kdg surfhhghg zlwkrxw dq| vxevwdqwldo xwl0
ol}dwlrq ri edqnlqj iru 111 lqyhvwphqw sxusrvhv1 111 ^Zkhuhdv` wkh frqwlqhqwdo
sudfwlfhv lq wkh hog ri lqgxvwuldo lqyhvwphqw edqnlqj pxvw eh frqfhlyhg dv vsh0
flf lqvwuxphqwv ri lqgxvwuldol}dwlrq lq d edfnzdug frxqwu|1 +s147,
Pruh uhfhqwo|/ Prn|u +4<;8/ s16:,/ lq klv vxuyh| ri qhz wklqnlqj rq wkh Eulwlvk lqgxvwuldo
uhyroxwlrq/ zurwh ri lqgxvwuldo edqnv= zk| vxfk lqvwlwxwlrqv zhuh uhodwlyho| xqlpsruwdqw lv
vwloo dq xqdqvzhuhg sureohp/ zkloh Fkdqgohu +4<<3/ ss17480<, sudlvhg wkh Jurvvedqnhq iru
vkdslqj zkdw kh fdoov Jhupdq pdqdjhuldo fdslwdolvp1
Wkh wklug txhvwlrq  wkh surv dqg frqv ri wkh Dqjor0Vd{rq yhuvxv wkh Jhupdq qdqfldo
v|vwhp  kdv jlyhq ulvh wr pxfk khdwhg ghedwh1 Wkh judvv kdv riwhq vhhphg juhhqhu rq wkh
rwkhu vlgh ri wkh ihqfh15 Dqdo|vhv ri Dqjor0Vd{rq hfrqrplhv riwhq eodph wkh vxssrvhg juhdwhu
vhsdudwlrq ri lqgxvwu| iurp qdqfh iru wkh ghfolqh ri Eulwdlq iurp wkh odwh 4<wk fhqwxu|/ dqg
vlplodu dujxphqwv zhuh xvhg uhfhqwo| lq wkh XV wr dgyrfdwh uhirup ri wkh Jodvv0Vwhjdo Dfw16
Dqdo|vhv ri Jhupdq| vrphwlphv dujxh wkdw Jurvvedqnhq klqghuhg jurzwk/ zkloh vlplodu
4 Vhh/ iru h{dpsoh/ Dqghuvrq +4<:3,/ Dvkwrq +4<78/ 4<88 fk19,/ Furx}hw +4<96,/ Qhdo +4<<7,/ dqg Wloo|
+4<<5/ 4<<;,1 Hgzdugv ) Rjloylh +4<<9,/ krzhyhu/ zduq djdlqvw h{djjhudwlqj wkh lpsruwdqfh ri xqlyhuvdo
edqnv lq Jhupdq|1
5 Vhh/ iru h{dpsoh/ Vfkqhlghu0Ohqqh +4<<7/s15;7,1
6 Iru h{dpsoh/ Ehvw ) Kxpskulhv +4<;9/ s1556, zulwh= Wkh odfn ri lqwhjudwlrq ehwzhhq qdqfh dqg
lqgxvwu| dgyhuvho| dhfwhg wkh yroxph dqg doorfdwlrq ri Eulwlvk lqgxvwuldo lqyhvwphqw dqg wkh orqj0whup
frpshwlwlyh shuirupdqfh ri Eulwlvk lqgxvwu| frpsduhg zlwk lwv lqwhuqdwlrqdo ulydov1 Zkloh Fdorplulv +4<<8/
s158;, zulwhv ri wkh XV= 111 odujh0vfdoh lqgxvwuldo lqyhvwphqw zdv vwxqwhg uhodwlyh wr lwv srwhqwldo e| d idxow|
4frpsodlqwv duh vrphwlphv pdgh ri ]dledwvx dqg Nhluhwvx lq Mdsdq17 Wkh ghedwh kdv dovr
uhvxuidfhg lq wkh jxlvh ri fkrrvlqj dssursuldwh qdqfldo lqvwlwxwlrqv iru Hdvwhuq Hxursh dqg
rwkhu hphujlqj pdunhwv1
Rqh pdmru glhuhqfh ehwzhhq wkh wzr qdqfldo v|vwhpv zdv wkh ghjuhh wr zklfk fuhglwruv
prqlwruhg upv1 Lq Hqjodqg/ fuhglwruv suhihuuhg d kdqgv0r dssurdfk1 Wklv pd| kdyh
uh hfwhg d suhihuhqfh iru oltxlg dvvhwv1 Froolqv +4<<4, dujxhv wkdw Hqjolvk edqnv zhuh uvw
frqfhuqhg zlwk oltxlglw|/ dyrlglqj orqj0whup lqgxvwuldo ordqv/ suhihuulqj wr glvfrxqw eloov ri
h{fkdqjh1 Wkh edqnv fhuwdlqo| suh0vfuhhqhg vxfk eruurzhuv/ khoslqj wr ryhufrph dgyhuvh0
vhohfwlrq sureohpv/ exw wkh| glg qrw olnh wr jhw lqyroyhg lq frqwlqxrxv prqlwrulqj ri wkh
dfwlylwlhv ri ghewru upv1 Wkh qdo kroghuv ri vxfk zlgho| wudghg vhfxulwlhv pd| kdyh ehhq wrr
glvwdqw wr prqlwru gluhfwo|/ ru wrr pdq| wr lqwhuqdol}h wkh frvwv ri prqlwrulqj1 Froolqv eholhyhv
wkdw edqn*v douhdg| vpdoo gluhfw lqyroyhphqw zlwk lqgxvwu| pd| kdyh dfwxdoo| ghfolqhg lq wkh
odwh 4<wk fhqwxu| +hvshfldoo| diwhu wkh fulvlv ri 4;:;,/ dw wkh wlph zkhq Jhupdq lqgxvwuldo
edqnlqj zdv rq wkh ulvh1 Wklv zdv d nlqg ri exvlqhvv wkdw Hqjolvk edqnv kdg e| wklv wlph
frph wr dekru dffruglqj wr Vd|hu*v +4<9:d/s14;;, idprxv edqnlqj wh{werrn18 Iru Vd|huv/
oltxlglw| zdv wkh fhqwudo whqhw ri jrrg Hqjolvk edqnlqj sudfwlfh/ zkhuhdv lqgxvwuldo ordqv
uhtxluhg kdqg0rq nqrzohgjh/ dqg
111fdq eh xqghuwdnhq rqo| e| d odujh jurxs ri vshfldolvwv/ hdfk rqh vshfldol}lqj
lq rqh ru d ihz lqgxvwulhv1 Wkh wudglwlrqdo edqn pdqdjhu lv qrw txdolhg iru vxfk
clqgxvwuldo frqvxowdqw* zrun1111 Lw lv wklv glvwlqfwlrq wkdw olhv ehklqg wkh wudglwlrqdo
ylhz wkdw d edqnhu vkrxog pdnh rqo| cvhoi0oltxlgdwlqj* ordqv1 +ss14;90:,
Hyhq zkhq Hqjolvk edqnv surylghg gluhfw ordqv wr lqgxvwu| +iru h{dpsoh/ lq wkh irup ri
vkruw0whup ryhugudiwv,/ wkhlu prqlwrulqj glg qrw lpsuhvv Ulhvvhu +4<3<,/ wkh vhoi0dssrlqwhg
vsrnhvpdq iru Jhupdq lqgxvwuldo edqnhuv=
wkh ^Hqjolvk` edqnv kdyh qhyhu vkrzq dq| lqwhuhvw lq wkh qhzo| irxqghg frpsd0
qlhv ru lq wkh vhfxulwlhv lvvxhg e| wkhvh frpsdqlhv/ zkloh lw lv d glvwlqfw dgydqwdjh
ri wkh Jhupdq v|vwhp/ wkdw wkh Jhupdq edqnv/ hyhq li rqo| lq wkh lqwhuhvwv ri
wkhlu rzq lvvxh fuhglw/ kdyh ehhq nhhslqj d frqwlqxrxv zdwfk ryhu wkh ghyhors0
phqw ri wkh frpsdqlhv/ zklfk wkh| irxqghg1 +s1888,
Jhupdq edqnv vdz wkhlu uroh dv surylglqj gluhfw fuhglw wr lqgxvwu|/ qrw phuho| dv wudghuv ri
oltxlg dvvhwv1 Jhuvfkhqnurq +4<95/ s147, zurwh wkdw Jhupdq lqgxvwuldo edqnv hvwdeolvkhg wkh
forvhvw srvvleoh uhodwlrqv zlwk lqgxvwuldo hqwhusulvhv1 Rqh irup ri prqlwrulqj +wkrxjk wkh
qdqfldo v|vwhp1 Vhh dovr/ iru h{dpsoh/ Lqjkdp +4<;7,> dqg Nhqqhg| +4<;: dqg 4<<3,1 Iru d fulwltxhv ri
wkh prghuq XN dqg XV qdqfldo v|vwhpv vhh Pd|hu +4<<4, dqg Sruwhu +4<<5,1
7 Vhh/ iru h{dpsoh/ Qhxexujkhu ) Vwrnhv +4<:7,> Zhlqvwhlq ) \dihk +4<<;,> dqg Pdvx|dpd +4<<7,1
8 Zh wkdqn d uhihuhh iru eulqjlqj wklv errn wr rxu dwwhqwlrq1
5lpsruwdqfh ri wklv kdv ehhq ryhu0hpskdvl}hg, zdv wr sodfh edqn r!fhuv rq wkh vxshuylvru|
erdugv ri lqgxvwuldo frpsdqlhv19 Wkh Jhupdq qdqfldo v|vwhp kdv frph wr eh dvvrfldwhg
zlwk kdqgv0rq/ uhodwlrqvkls edqnlqj1
Vhfwlrq 5 prghov wkh fkrlfh ri glhuhqw phwkrgv ri up qdqfh/ irfxvlqj rq prudo kd}dug
dqg rq wkh wudgh0rv ehwzhhq prqlwruhg dqg qrq0prqlwruhg +srvvleo| wudghg, ghew1 Zh
ljqruh wudghg htxlw| vlqfh wkh odwwhu zdv xqlpsruwdqw dv d vrxufh ri qdqfh lq hlwkhu lqgxvwuldo
uhyroxwlrq1: Wkh prgho lv idluo| vwdqgdug dqg vlpsoh hqrxjk wr doorz d judsklfdo wuhdwphqw1
Hyhq vxfk d vlpsoh prgho/ krzhyhu/ fdq jr vrph zd| wr h{sodlq wkh hphujhqfh ri wzr glhuhqw
qdqfldo v|vwhpv/ jlyhq wkh glhuhqfhv lq wkh 4;wk fhqwxu| Hqjolvk dqg 4<wk fhqwxu| Jhupdq
hfrqrplhv1 Vhfwlrq 6 wkhq dvnv zk| wkhvh glhuhqw v|vwhpv shuvlvwhg dqg frqvlghuv wkh zhoiduh
dqg srolf| frqvhtxhqfhv1 Lw h{whqgv wkh edvlf prgho wr doorz iuhh hqwu| e| upv dqg ohqghuv1
Lq wkh h{whqghg prgho/ wkh vfdoh dqg qxpehu ri upv +zklfk zhuh h{rjhqrxv ehiruh, duh
qrz ghwhuplqhg dv sduw ri wkh htxloleulxp dorqj zlwk wkh irup ri qdqfldo v|vwhp1 Zh
vkrz wkdw pxowlsoh htxloleuld pd| h{lvw= lq sduwlfxodu/ d Jhupdq htxloleulxp zlwk ihzhu/
odujhu upv dqg prqlwruhg qdqfh> dqg dq Dqjor0Vd{rq htxloleulxp zlwk pruh/ vpdoohu
upv zlwk xqprqlwruhg dqg wudghg ghew1 Wkhvh htxloleuld pd| eh zhoiduh udqnhg/ dqg dq
hfrqrp| pljkw jhw vwxfn lq wkh zruvh htxloleulxp1 Zh dujxh/ krzhyhu/ wkdw wkh Dqjor0
Vd{rq htxloleulxp lv rqo| urexvw zkhq lw lv Sduhwr h!flhqw/ zkloh d Jhupdq htxloleulxp
fdq eh vxvwdlqhg hyhq zkhq lw lv lqh!flhqw1 Wklv vxjjhvwv wkdw wkhuh lv qr qhhg iru srolf|
lqwhuyhqwlrqv wr hqfrxudjh Jhupdq0vw|oh edqn qdqfh/ exw wkhuh pd| eh d qhhg iru srolf|
dlphg dw wkh ghyhorsphqw ri Dqjor0Vd{rq vw|oh vhfrqgdu| qdqfldo dvvhw pdunhwv1
Ghzdwulsrqw ) Pdvnlq +4<<8, vwxg| dq dgyhuvh vhohfwlrq prgho dqg lghqwli| d wudgh r
ehwzhhq wkh delolw| wr qdqfh odujh surmhfwv dqg wkh delolw| wr frpplw qrw wr uhqdqfh edg
ordqv1 Wkh| lghqwli| d Jhupdq htxloleulxp zlwk odujh ohqghuv dv zhoo dv odujh upv dqg
9 Kloihuglqj/ +4<43/ s16<;1, uhsruwv wkdw e| 4<36/ wkh vl{ odujhvw Ehuolq edqnv frqwuroohg :84 srvlwlrqv
rq Erdugv ri gluhfwruv1 Vhh dovr Ulhvvhu +4<3</ ss1;<:0<53,1 Irkolq +4<<:/4<<<,/ krzhyhu/ dujxhv wkdw
uhsuhvhqwdwlrq e| edqnv rq vxshuylvru| erdugv zdv pxfk orzhu ehiruh 4<331 Hgzdugv ) Rjloylh +4<<9, srlqw
rxw wkdw/ dq|zd|/ prvw Jhupdq upv ri wkh shulrg zhuh qrw mrlqw vwrfn dqg khqfh glg qrw kdyh vxshuylvru|
erdugv/ dqg wkh srzhu ri vxfk erdugv kdv ehhq h{djjhudwhg1 Iru rssrvlqj ylhzv ri wkh prghuq vlwxdwlrq/ vhh
Hgzdugv ) Ilvfkhu +4<<7, dqg Vfkqhlghu0Ohqqh +4<<7,1
: Lq wkh 4;wk fhqwxu| dqg iru prvw ri wkh 4<wk fhqwxu|/ Hqjolvk grphvwlf lqgxvwu| +zlwk wkh h{fhs0
wlrq ri wkh udlozd|v, uduho| udlvhg fdslwdo gluhfwo| iurp wkh Orqgrq ru surylqfldo vwrfn pdunhwv= vhh Froolqv
+4<<4/ss164/67)84,/ Plurzvnl +4<;4, dqg Qhdo +4<<8,1 Dv odwh dv 4;:6/ lqgxvwu| dqg frpphufh dffrxqwhg
iru mxvw 417( ri txrwhg Orqgrq vhfxulwlhv= vhh Plfklh/ +4<;:/s187,1 Hyhq e| 4<46/ Udmdq ) ]lqjdohv +5334,
uhsruw wkh sursruwlrq ri wrwdo JGFI udlvhg e| htxlw| dw 47( iru wkh XN dqg :( iru Jhupdq|1 Hduo| rq/ wklv
pd| kdyh ehhq gxh wr ohjlvodwlrq vxfk dv wkh Exeeoh Dfw dqg wkh devhqfh ri dghtxdwh frusrudwlrq odz= vhh
Sdwwhuvrq dqg Uhlhq +4<<3,1 Exw hyhq rqfh wkhvh lpshglphqwv zhuh uhpryhg/ wkh qxpehu ri olplwhg0oldelolw|
frpsdqlhv glg qrw wdnh r xqwlo wkh 4;;3v/ dqg hyhq wkhq htxlw| zdv riwhq sulydwh ru qduurzo| khog= vhh
Vd|huv +4<9:e/ss1478083,,1 Lq Jhupdq| dovr/ ohjlvodwlrq klqghuhg wkh ghyhorsphqw ri wudghg htxlw| pdunhwv=
vhh Wloo| +4<;9/ss14580:,/ Irkolq +5333, dqg Jxlqdqqh +5334/ss18607,1
6dq Dqjor0Vd{rq rqh zlwk vpdoo rqhv1 Kropvwurp +4<<9, xvhv d prgho vlplodu wr wkdw suh0
vhqwhg lq wkh uvw sduw ri vhfwlrq 5 wr frpsduh wkh ehqhwv ri glhuhqw w|shv ri qdqfh ryhu
wkh olih0f|foh ri wkh up1 Kropvwurp dqg Wluroh +4<<:, dqdo|}h d prgho ri qdqfldo lqwhu0
phgldwlrq zlwk prudo kd}dug1 Wkh| vwxg| krz fdslwdo wljkwhqlqj dhfwv glhuhqw upv zlwk
glhuhqw dprxqwv ri lqwhuqdo fdslwdo1 Uhsxoor ) Vxduh} +4<<;, dqdo|}h d prgho ri lqiruphg
dqg xqlqiruphg ohqglqj1 Wkh| wdnh dq lqfrpsohwh0frqwudfwv +dv djdlqvw rxu prudo0kd}dug,
dssurdfk dqg gr qrw vwxg| pxowlsoh htxloleuld1 Sdjdqr +4<;<, irfxvhv rq wklv odvw lvvxh/ hvsh0
fldoo| rq wklfn0pdunhw h{whuqdolwlhv zklfk zh dovr frqvlghu wr eh lpsruwdqw1 Vfkhuinh +4<<6,
xvhv d g|qdplf prgho wr dgguhvv vlplodu lvvxhv1 Drnl +4<<6, frqvlghuv uhshdwhg prudo kd}dug
lq whdpv dqg vkrzv wkdw edqnv fdq khos e| holplqdwlqj exgjhw edodqfh1 Fdorplulv +4<<8,
dqg Fdorplulv ) Ud +4<<8, vwuhvv hfrqrplhv ri vfrsh hqmr|hg e| xqlyhuvdo edqnv1 Fdqwloor
+4<<7,/ iroorzlqj Gldprqg +4<;7,/ vwuhvvhv wkh delolw| ri lqwhuphgldulhv wr yhuli| edqnuxswf|1
Doohq ) Jdoh +4<<8/ 4<<:, frpsduh wkh delolw| ri qdqfldo v|vwhpv wr vprrwk lqfrph lqwhu0
whpsrudoo| dqg glyhuvli| lqglylgxdo dqg djjuhjdwh ulvnv1 Euhfkw ) Udpluh} +4<<6, dqg Irkolq
+4<<;, frqvlghu zkhwkhu Jhupdq edqnv hdvhv up*v lqwhuqdo oltxlglw| frqvwudlqwv1 Gd Ulq
+4<<:, orrnv dw wkh hhfw ri hfrqrplf lqwhjudwlrq rq wkh fkrlfh erwk ri fdslwdo vshflflw| dqg
wkh irup ri qdqfh1 Vhh Jxlqdqqh +5334, iru d uhfhqw vxuyh| ri Jhupdq edqnlqj klvwru|1
5 Prqlwruhg yhuvxv Qrq0Prqlwruhg Ordqv1
Lq wklv vhfwlrq/ zh frqvlghu vrph ri wkh wudgh0rv lqyroyhg lq fkrrvlqj hlwkhu prqlwruhg edqn
ordqv ru qrq0prqlwruhg +srvvleo| wudghdeoh, ghew1 Rqfh zh kdyh hvwdeolvkhg flufxpvwdqfhv
vxfk wkdw zh zrxog h{shfw wr vhh rqh ru wkh rwkhu v|vwhp ri qdqfh hphujh/ zh frpsduh wkhvh
zlwk vwdqgdug dffrxqwv ri Jhupdq dqg Hqjolvk lqgxvwuldol}dwlrq1 Zh vwduw iurp d vlpsoh
dqg yhu| vwdqgdug prudo0kd}dug prgho/ dqg wkhq dgg vwuxfwxuh1 Prvw ri wkh dujxphqwv ri
wklv vhfwlrq fdq eh suhvhqwhg xvlqj judskv1 Wkhvh judsklfdo lqwxlwlrqv zloo eh xvhixo zkhq
zh pryh wr wkh pruh frpsoh{ prgho lq vhfwlrq 61
Wkh Edvlf Prgho1 Frqvlghu wkh fkrlfhv idflqj dq hqwuhsuhqhxu zkr/ lq shulrg 4/ kdv dffhvv
wr d qhz surmhfw wkdw uhtxluhv h{whuqdo qdqflqj1 Erwk wkh vl}h ri wkh surmhfw dqg sulfhv
duh h{rjhqrxv +zh zloo fkdqjh wklv lv vhfwlrq 6,1 Li d surmhfw lv vxffhvvixo/ lw surgxfhv dq
rxwsxw t zklfk vhoov iru d sulfh SA4 1 Li lw idlov/ lw |lhogv }hur1 Lq hlwkhu fdvh/ wkh surmhfw
whuplqdwhv lq shulrg 51 Surmhfwv duh h{ dqwh lghqwlfdo1 Wkh suredelolw| wkdw hdfk surmhfw
vxffhhgv ghshqgv rq dfwlrqv dqg chruwv* wdnhq e| dq hqwuhsuhqhxu zkrvh sduwlflsdwlrq lv
hvvhqwldo1 Wkhvh hruwv lqyroyh sulydwh +srvvleo| qrq0shfxqldu|, frvwv iru wkh hqwuhsuhqhxu1
Ohw  ghqrwh wkh suredelolw| ri vxffhvv dqg/ iru d surmhfw ri survshfwlyh rxwsxw t/o h wt#+,
eh wkh dvvrfldwhg sulydwh frvw wr wkh hqwuhsuhqhxu/ zkhuh #+3, @ #￿+3, @ #￿￿+3, @ 3/ #￿+4, @
7#￿￿+4, @ 4/d q g# ￿￿￿ A 31
D surmhfw ri vl}h t uhtxluhv f+t, xqlwv ri fdslwdo1 Iru qrz/ dvvxph wkdw wkh hqwuhsuhqhxu
kdv qr sulydwh zhdowk wr frqwulexwh wr wkh surmhfw vr wkh fdslwdo pxvw eh eruurzhg1 Eruurzlqj
fdq eh hlwkhu lq wkh irup ri d prqlwruhg ru d qrq0prqlwruhg ordq1 Li ordqv duh qrw prqlwruhg/
wkhq wkh hruwv ri wkh hqwuhsuhqhxu duh xqrevhuydeoh wr ohqghuv dqg zloo ghshqg rq lqfhqwlyhv
surylghg e| wkh ordq frqwudfw1 Wkhvh lqfhqwlyhv zloo/ lq jhqhudo/ lqgxfh rqo| cvhfrqg0ehvw*
suredelolwlhv ri vxffhvv1 Li ordqv duh prqlwruhg wkhq hruwv +dqg wkh vxffhvv suredelolwlhv
wkh| jhqhudwh, duh frqwudfwleoh1 Wkh dgydqwdjh ri prqlwrulqj lv wkdw lw doorzv uvw0ehvw
suredelolwlhv ri vxffhvv wr eh hqirufhg1 Wkh glvdgydqwdjh lv wkdw prqlwrulqj lv frvwo|1
Wkh frvw wr wkh ohqghu ri surylglqj d qrq0prqlwruhg ordq wr qdqfh wkh surmhfw lv wf+t,/
zkhuh wA4uh hfwv wkh pdunhw lqwhuhvw udwh1 Wkh frvw wr wkh ohqghu ri surylglqj wkh
fruuhvsrqglqj prqlwruhg ordq lv P .yf+t, zkhuh P uh hfwv wkh frvwv ri prqlwrulqj1 Ehorz
zh zloo doorz y dqg w wr glhu/ exw iru qrz ohw w @ y1 Doo ordq frqwudfwv vshfli| wkh dprxqw U
sdlg edfn wr wkh ohqghu li wkh surmhfw lv d vxffhvv1 Iru vlpsolflw|/ iru qrz/ dvvxph wkdw wkhuh
lv qr froodwhudo/ vr wkdw qrwklqj lv sdlg edfn li wkh surmhfw idlov1 Erwk hqwuhsuhqhxuv dqg
ohqghuv duh ulvn qhxwudo dqg gr qrw glvfrxqw ixwxuh frqvxpswlrq1 Wr ehjlq zlwk/ zh dvvxph
wkdw doo wkh edujdlqlqj srzhu uhvlghv zlwk wkh hqwuhsuhqhxu= wkdw lv/ wkh qdqfldo vhfwru lv
frpshwlwlyh dqg ohqghuv pdnh }hur h{shfwhg surw1
Wkh sureohp idflqj wkh hqwuhsuhqhxu li vkh fkrrvhv d prqlwruhg ordq lv wkhq jlyhq e|
pd{
-cZ
tS t#+,U vxemhfw wr +4d,
U  P .yf+t,= +4e,
Dqg wkh sureohp idflqj wkh hqwuhsuhqhxu li vkh fkrrvhv d qrq0prqlwruhg ordq lv jlyhq e|
pd{
-cZ
tS t#+,U vxemhfw wr +5d,
U  wf+t, dqg +5e,
 5 dujpd{
Z tS t#+,U= +5f,
Frqglwlrqv +4e, dqg +5e, duh ohqghu0sduwlflsdwlrq frqvwudlqwv= wkh| hqvxuh ohqghuv dwwdlq
dw ohdvw }hur h{shfwhg surwv1 Frqglwlrq +5f, lv wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw wkdw
dulvhv lq qrq0prqlwruhg ordqv vlqfh wkh hqwuhsuhqhxu fdqqrw frpplw wr dq hruw ohyho dw wkh
wlph wkh frqwudfw lv vljqhg1
Wkh prgho lv vlpsoh hqrxjk wr looxvwudwh judsklfdoo|1 Iljxuh 4+d, looxvwudwhv erwk wkh
prqlwruhg dqg qrq0prqlwruhg ordq sureohpv iru wkh fdvh zkhuh wkh eruurzhu lv urxjko|
lqglhuhqw ehwzhhq wkh wzr w|shv ri ordq1 Wkh krul}rqwdo d{lv vkrzv wkh suredelolw| ri
surmhfw vxffhvv/ 1 Wkh yhuwlfdo d{lv vkrzv rxwsxw sulfhv/ S/ dqg wkh frqwudfw uhsd|phqw
8whupv glylghg wkurxjk e| wkh rxwsxw ri wkh surmhfw/ U@t 1 Doo yhuwlfdo glvwdqfhv duh shu xqlw
rxwsxw ri wkh surmhfw1
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Iljxuh 4= Wkh edvlf prgho= edujdlqlqj srzhu zlwk +d, eruurzhuv> dqg +e, ohqghuv
Frqvlghu uvw wkh prqlwruhg ordq sureohp1 Wkh duhd xqghu wkh frqfdyh fxuyh S 
#￿+, vkrzv wkh hqwuhsuhqhxu*v shu xqlw h{shfwhg uhyhqxh qhw ri khu sulydwh frvw #1 Wklv
lv pd{lpl}hg zkhuh wkh fxuyh furvvhv wkh krul}rqwdo d{lv/ khqfh wkh uvw ehvw suredelolw|
ri vxffhvv  wkdw vwlsxodwhg e| d prqlwruhg ordq frqwudfw  lv jlyhq e| wkh htxdwlrq
S  #￿+C,@3 1 Wkh grwwhg k|shuerod/ U@t @+ P.yf+t,,@t/ uhsuhvhqwv wkh erxqgdu| ri
wkh ohqghu0sduwlflsdwlrq frqvwudlqw1 Wkdw lv/ dorqj wklv olqh/ wkh shu xqlw h{shfwhg uhsd|phqwv
wr ohqghuv/ CUC@t/ mxvw fryhuv wkh shu xqlw frvw ri d prqlwruhg ordq/ +P .yf+t,,@t1W k x v /
wkh qhw shu xqlw h{shfwhg surw ri dq hqwuhsuhqhxu zlwk d Jhupdq vw|oh ordq lv vkrzq e|
wkh qhw uhyhqxh duhd 3SdC plqxv wkh eruurzlqj0frvw uhfwdqjoh 3+UC@t,eC1 H{sorlwlqj wkh
surshuwlhv ri d k|shuerod/ wkh odwwhu uhfwdqjoh lv htxdo wr wkh duhd 3+U￿@t,a ea 1
Qh{w frqvlghu wkh qrq0prqlwruhg ordq sureohp1 Lq wklv fdvh/ rqfh wkh frqwudfw lv vljqhg/
wkh hqwuhsuhqhxu grhv qrw uhfhlyh wkh ixoo ehqhw ri khu dfwlrqv dw wkh pdujlq1 Wkh uhdvrq lv
wkdw/ li wkh surmhfw idlov/ wkh hqwuhsuhqhxu pdnhv qr sd|phqw wr wkh ohqghu/ exw li lw vxffhhgv/
vkh pdnhv d srvlwlyh sd|phqw/ U1 Wkhuhiruh/ wkh hqwuhsuhqhxu rqo| kdv dq lqfhqwlyh wr lq0
fuhdvh wkh suredelolw| ri vxffhvv xs wr wkh srlqw zkhuh S #￿+,@U@t1 Wkh frqfdyh fxuyh
lq jxuh 4+d, vkrzv doo frpelqdwlrqv ri  dqg U@t wkdw vdwlvi| wklv lqfhqwlyh0frpsdwlelolw|
frqvwudlqw1 Vlplodu wr ehiruh/ wkh vrolg k|shuerod/ U@t @ wf+t,@t uhsuhvhqwv wkh ohqghu sdu0
wlflsdwlrq frqvwudlqw1 Wkh frqwudfw pxvw vshfli| d suredelolw| ri vxffhvv  dqg d uhsd|phqw
9U@t rq wkh lqfhqwlyh0frpsdwlelolw| fxuyh/ dqg rq ru deryh wklv }hur0surw k|shuerod= wkdw
lv/ iru wkh fdvh vkrzq/ ehwzhhq a d dqg d1D w o r z y d o x h v r i S ru kljk ydoxhv ri wf+t,/q r
sdlu +>U, zloo vdwlvi| erwk frqvwudlqwv1 Lq wkhvh fdvhv/ qrq0prqlwruhg ordq frqwudfwv duh
lqihdvleoh1 Dvvxplqj ihdvlelolw|/ dv ehiruh/ wkh shu xqlw h{shfwhg surw qhw ri sulydwh frvwv
lv jlyhq e| wkh duhd xqghu wkh frqfdyh fxuyh1 Jlyhq wkh frqvwudlqwv/ wklv lv pd{lpl}hg dw d1
Wkxv/ wkh shu xqlw qhw h{shfwhg surw ri dq hqwuhsuhqhxu zlwk dq Dqjor0Vd{rq vw|oh ordq lv
vkrzq e| wkh qhw uhyhqxh duhd 3Sd￿ plqxv wkh eruurzlqj0frvw uhfwdqjoh 3+U￿@t,d￿1
Wkh qhduo|0wuldqjxodu duhd ￿dC +vkdghg grzqzdug, uhsuhvhqwv wkh shu xqlw ghdg0
zhljkw orvv dulvlqj iurp wkh lqirupdwlrq dv|pphwu| lq d qrq0prqlwruhg ordq1 Rq wkh rwkhu
kdqg/ wkh h{wud shu xqlw frvw ri d prqlwruhg ordq lv vkrzq e| wkh uhfwdqjoh ￿da ea  +vkdghg
xszdug,1 Wr ghflgh ehwzhhq dq Dqjor0Vd{rq0 ru Jhupdq0vw|oh ordq/ wkh hqwuhsuhqhxu frp0
sduhv wkh shu xqlw ghdg0zhljkw orvv ri dq Dqjor0Vd{rq0vw|oh ordq zlwk wkh shu xqlw h{wud frvw
ri d Jhupdq0vw|oh ordq1 Lq wkh fdvh looxvwudwhg/ wkhvh duh urxjko| htxdo1
Wkh deryh glvfxvvlrq lv vxppdul}hg lq wkh iroorzlqj Sursrvlwlrq zklfk zh vwdwh zlwkrxw
ixuwkhu surri1;
Sursrvlwlrq 4 Wkh hqwuhsuhqhxu zloo fkrrvh dq Dqjor0Vd{rq vw|oh/ qrq0prqlwruhg ordq li
dqg rqo| li wkhuh h{lvwv d ￿ 5 +3>4, jlyhq e| +d, S #￿+￿,@wf+t,@t￿ dqg +e, #￿￿+￿, 
wf￿+t,@t2
￿ vxfk wkdw +f, +CS  #+C,,  +￿S  #+￿,,  +P . yf+t,wf+t,,@t/ zkhuh
C lv jlyhq e| +g, S  #￿+C,@3 1 Rwkhuzlvh/ wkh hqwuhsuhqhxu fkrrvhv d Jhupdq vw|oh
prqlwruhg ordq/ li dqg rqo| li +h, CS  #+C,  +P . yf+t,,@t  31
Sursrvlwlrq 4 lwhp +d, ghqhv wkh lqwhuvhfwlrq ri wkh lqfhqwlyh0frpsdwlelolw| dqg +wkh
erxqgdu| ri, wkh ohqghu0sduwlflsdwlrq frqvwudlqwv1 Lwhp +e, uxohv rxw srlqwv olnh a d lq idyru
ri srlqwv olnh d= lw lv d vhfrqg0rughu frqglwlrq1 Lwhp +g, ghqhv wkh uvw0ehvw suredelolw|
ohyho vhohfwhg e| wkh prqlwruhg ordq frqwudfw1 Lwhp +h, hqvxuhv wkdw wkh hqwuhsuhqhxu lv qrw
pdnlqj orvvhv1 Wkh nh| wudgh r ri wkh prgho lv vkrzq e| lwhp +f,1 Wkh ohiw vlgh lv wkh
ghdgzhljkw orvv dvvrfldwhg zlwk d qrq0prqlwruhg ordq1 Wkh uljkw vlgh lv wkh dgglwlrqdo frvw
ri prqlwrulqj1
Hyhq wklv vlpsoh prgho kdv vrph lpphgldwh lpsolfdwlrqv1 Iru h{dpsoh/ d qhfhvvdu|
frqglwlrq iru wkh hqwuhsuhqhxu wr suhihu d prqlwruhg ordq +fhwhulv sdulexv, lv wkdw UC ?U ￿1
Wkdw lv/ li zh revhuyh erwk prqlwruhg dqg qrq0prqlwruhg ordqv lq wkh vdph lqgxvwu| lq wkh
vdph hfrqrp|/ ghvslwh wkh dgglwlrqdo frvwv ri prqlwrulqj/ wkh clqwhuhvw udwhv* rq prqlwruhg
ordqv vkrxog eh orzhu1 Wkh lqwxlwlrq lv wkdw wkh suredelolw| ri uhsd|phqw ri d prqlwruhg ordq/
; Iru frpsohwhqhvv/ zh dvvxph wkdw/ li kh lv lqglhuhqw/ wkh hqwuhsuhqhxu fkrrvhv dq Dqjor0Vd{rq vw|oh
ordq1
:C/ lv kljkhu wkdq wkdw ri d qrq0prqlwruhg ordq/ ￿1 Lq rxu slfwxuh/ li UC @ U￿ wkhq wkh
h{wud frvw uhfwdqjoh pxvw eh juhdwhu wkdq wkh ghdgzhljkw orvv wuldqjoh1 Wkh qh{w vxevhfwlrq
ghyhorsv wkh frpsdudwlyh vwdwlfv ri wklv prgho dqg frpsduhv wkh uhvxowv zlwk vw|ol}hg idfwv
derxw Hqjodqg dqg Jhupdq| gxulqj wkhlu lqgxvwuldo uhyroxwlrqv1
Vlpsoh frpsdudwlyh vwdwlfv= +d, Frvwv ri Fuhglw1 Uhfdoo wkdw/ iru qrz/ zh dvvxphg
wkdw w @ y dqg wkdw wkhvh uh hfwhg wkh xqghuo|lqj rssruwxqlw| frvw ri fuhglw wr wkh qdqflhu
ru wkh pdunhw edvh lqwhuhvw udwh1 Vxssrvh wkdw wkh frvw ri fuhglw zhuh wr lqfuhdvh vr wkdw
erwk w dqg y zhuh wr ulvh1 Wkhuh lv qr fkdqjh lq wkh uljkw vlgh ri Sursrvlwlrq 4+f,1 Exw wkh
ohiw vlgh/ wkh ghdgzhljkw orvv ri d qrq0prqlwruhg ordq/ lqfuhdvhv1 Lq rxu slfwxuh/ dv wkh frvw
k|shuerod pryhv rxw/ lw kdv qr hhfw rq wkh uvw0ehvw C hyhq wkrxjk wkh lqwhuhvw udwh rq
wkh ordq/ UC/ ulvhv1 Exw dv U￿ ulvhv/ wkh lqgxfhg ohyho ri ￿ idoov= dv wkh k|shuerod ulvhv/
wkh vroxwlrq volghv wr wkh qruwk0zhvw dorqj wkh lqfhqwlyh frpsdwlelolw| fxuyh1 Wklv lqfuhdvhv
wkh vl}h ri wkh ghdgzhljkw orvv duhd1 Wkxv/ wkh kljkhu lv wkh rssruwxqlw| frvw ri fuhglw wr wkh
qdqfldo vhfwru/ wkh pruh olnho| lv dq hqwuhsuhqhxu wr fkrrvh d prqlwruhg ordq1
D srvvleoh hpslulfdo sur{| iru wkh rssruwxqlw| frvw ri fdslwdo frxog eh wkh uhdo udwh ri
lqwhuhvw rq jryhuqphqw ghew1 Krphu +4<96, surylghv qrplqdo |lhogv ri Eulwlvk frqvrov iurp
wkh 4:83v/ ri Edyduldq dqg Suxvvldq vwdwh erqgv ehiruh 4;9< dqg ri Jhupdq erqgv diwhu 4;:31
Wzr wklqjv vwdqg rxw1 Iluvw/ qrplqdo frqvro udwhv lq Hqjodqg zhuh orzhu lq wkh odwh 4<wk
fhqwxu| wkdq wkh| zhuh dw wkh khljkw ri wkh lqgxvwuldo uhyroxwlrq d fhqwxu| hduolhu1 Wklv idoo
lq qrplqdo udwhv/ krzhyhu/ sduwo| uh hfwv sulfh pryhphqwv1 Lq Hqjodqg/ wkh odwh 4;wk fhqwxu|
vdz juhdw sulfh lqvwdelolw| dqg srvvleo| vrph lq dwlrq dvvrfldwhg zlwk wkh Qdsrohrqlf zduv1
Wkh odwh 4<wk fhqwxu| vdz uvw d shulrg ri gh dwlrq dqg wkhq +iurp derxw 4;<9, d shulrg
ri lq dwlrq dvvrfldwhg lq erwk fdvhv zlwk prqhwdu| pryhphqwv wkdw dovr dhfwhg Jhupdq|1<
Wkh vhfrqg wklqj wkdw vwdqgv rxw lv wkdw Jhupdq lqwhuhvw udwhv zhuh frqvlvwhqwo| ehwzhhq
d kdoi dqg d zkroh srlqw deryh wkhlu Hqjolvk htxlydohqwv1 Wklv frxog uh hfw kljkhu ulvn
suhplxpv rq ohvv vhfxuh jryhuqphqwv exw lw lv dovr frqvlvwhqw zlwk vwrulhv ri juhdwhu fdslwdo
vfduflw| lq Jhupdq|1 Lw vhhpv srvvleoh/ wkhuhiruh/ wkdw Jhupdq lqgxvwuldol}dwlrq rffxuhg lq
d sodfh +dqg shukdsv dovr dw d wlph, ri uhodwlyho| kljk uhdo lqwhuhvw udwhv1 Li vr/ wklv pd| kdyh
idyruhg wkh dgrswlrq ri prqlwruhg qdqfh1
Vlpsoh frpsdudwlyh vwdwlfv= +e, Fduwhol}dwlrq dqg Surwhfwlrq1 D ihdwxuh ri odwh 4<wk
fhqwxu| Jhupdq| wkdw kdv dwwudfwhg pxfk dwwhqwlrq lv wkh ghjuhh wr zklfk vrph lqgxvwulhv
zhuh erwk surwhfwhg dqg fduwhol}hg143 Lw kdv riwhq ehhq vxjjhvwhg wkdw wkh Jhupdq0vw|oh
< Vhh/ iru h{dpsoh/ Vrorprx +4<<7,1 Zh wkdqn d uhihuhh iru vwuhvvlqj wkh lpsruwdqfh ri wkhvh sulfh
pryhphqwv1
43 Vhh/ iru h{dpsoh/ Erufkdugw +4<:6, ru Zhee +4<;3,1
;qdqfh dhfwhg wkh jurzwk ri surwhfwhg fduwhov1 Odujh edqnv oreelhg iru lqgxvwuldo surwhfwlrq
dqg hqfrxudjhg wkh irupdwlrq ri fduwhov dprqj wkhlu folhqwv/ dqg wkdw wkh prqlwrulqj ri
vhyhudo upv e| wkh vdph edqn khoshg doohyldwh lqwud0fduwho lqirupdwlrq sureohpv1 Khuh zh
h{soruh wkh rssrvlwh +ohvv glvfxvvhg, gluhfwlrq ri fdxvdwlrq= frxog surwhfwlrq dqg fduwhol}dwlrq
kdyh dhfwhg wkh fkrlfh ri Jhupdq0vw|oh qdqflqjB
Surwhfwlrq dqg fduwhol}dwlrq suhvxpdeo| udlvhg lqgxvwuldo rxwsxw sulfhv1 Lq rxu prgho/
lqfuhdvlqj wkh sulfh S kdv qr hhfw rq wkh uljkw vlgh ri Sursrvlwlrq 4+f, 1 Exw/ lqfuhdvlqj S
kdv wzr dhfwv rq wkh ghdgzhljkw orvvhv rq wkh ohiw vlgh ri wklv frqglwlrq=




Wkh gluhfw hhfw/ +C  ￿, A 3/ lqfuhdvhv ghdgzhljkw orvv1 Prqlwruhg upv jhw wr hqmr|
kljkhu sulfhv pruh riwhq vlqfh wkh| kdyh d kljkhu suredelolw| ri vxffhhglqj1 Wkh lqgluhfw
hhfw lv wkh vhfrqg whup deryh1 Dv sulfhv ulvh/ hqwuhsuhqhxuldo hruw +khqfh , lqfuhdvhv1 Iru
prqlwruhg ordqv/  zdv douhdg| dw wkh uvw ehvw/ vr wkhuh lv rqo| d vhfrqg0rughu jdlq1 Iru
xqprqlwruhg ordqv/ krzhyhu/  zdv ehorz wkh uvw ehvw/ vr wkhuh lv d uvw0rughu jdlq1 Wkh
pdujlqdo uhwxuq wr lqfuhdvlqj  lv wkh khljkw ri srlqw d iurp wkh krul}rqwdo d{lv/ khqfh U￿@t
lq wkh qxphudwru1 Wkh lqfuhdvh lq ￿ dv zh lqfuhdvh S ghshqgv rq wkh uhodwlyh vorshv ri
wkh lqfhqwlyh0frpsdwlelolw| dqg }hur0surw fxuyhv dw srlqw d/ khqfh wkh ghqrplqdwru1 Wklv
lqgluhfw hhfw lv vlplodu +exw rssrvlwh, wr wkh hhfw ri lqfuhdvlqj wkh frvwv ri fuhglw1
Wkxv/ wkh prgho vxjjhvwv wkdw wkh hhfwv ri prqrsro| dqg surwhfwlrq rq wkh fkrlfh ri
qdqflqj duh dpeljxrxv1 Rq wkh rqh kdqg/ kljkhu sulfhv lqfuhdvh wkh frvw ri dq| jlyhq orvv
ri surgxfwlrq gxh wr prudo kd}dug1 Rq wkh rwkhu kdqg/ wkh| glplqlvk wkh dfwxdo orvv ri
surgxfwlrq gxh wr prudo kd}dug1
Vlpsoh frpsdudwlyh vwdwlfv= +f, Edujdlqlqj Srzhu1 Gxulqj wkh Eulwlvk lqgxvwuldo
uhyroxwlrq/ lw lv xqfohdu zkhwkhu edujdlqlqj srzhu od| zlwk eruurzhuv ru ohqghuv1 Iru odwh
4<wk fhqwxu| Jhupdq|/ krzhyhu/ Kloihuglqj +4<43, uhjdughg wkh srzhu ri qdqfh lpsruwdqw
hqrxjk wr uhtxluh dgmxvwlqj ruwkrgr{ Pdu{lvw wkhru|1 Jhuvfkhqnurq +4<95/ s147 dqg s154,
dujxhg wkdw edqnv dftxluhg d iruplgdeoh ghjuhh ri dvfhqgdqf| ryhu lqgxvwuldo hqwhusulvhv/
ghvfulelqj wklv dv pdvwhu0vhuydqw uhodwlrqvkls1 Hgzdugv ) Rjloylh +4<<9, dujxh wkdw wkh
srzhu ri edqnv kdv ehhq h{djjhudwhg/ hvshfldoo| dv wkh uhodwlyh vl}h ri lqgxvwuldo upv juhz1
Exw edqnv juhz wrr1 Lq 4<46/ 4: ri wkh 58 odujhvw hqwhusulvhv lq Jhupdq| +phdvxuhg e| sdlg
xs fdslwdo, zhuh edqnv144 Pruhryhu/ edqnv kdg frqvlghudeoh frqwuro ri dffhvv wr wkh Ehuolq
44 Wloo| +4<;9 ss144607,1 Iru lqfuhdvhg frqfhqwudwlrq lq edqnlqj/ vhh Wloo| +4<<5,/ Ulhvvhu +4<3<,/ dqg Gd
Ulq +4<<9,1
<vhfxulwlhv h{fkdqjh145
Zkloh zh fdqqrw uhvroyh wklv klvwrulfdo ghedwh/ zh fdq dvn zkdw lv wkh hhfw ri vkliwlqj
edujdlqlqj srzhu iurp eruurzhuv wr ohqghuv rq wkh fkrlfh ri w|sh ri ordq1 Vr idu/ zh kdyh
dvvxphg wkdw doo wkh edujdlqlqj srzhu olhv zlwk wkh eruurzhu1 Frqvlghu/ qh{w/ wkh rssrvlwh
fdvh zkhuh doo wkh edujdlqlqj srzhu olhv zlwk wkh ohqghuv1 Wkh sureohp idfhg e| vxfk ohqghuv
li wkh| fkrrvh d prqlwruhg ordq lv jlyhq e|=
pd{
-cZ
tU+P .yf+t,, vxemhfw wr +6d,
tS t#+,U  3 +6e,
Li wkh ohqghuv fkrvh d qrq0prqlwruhg ordq/ wkh sureohp ehfrphv
pd{
-cZ
tUwf+t, vxemhfw wr +7d,
tS t#+,U  3 dqg +7e,
 5 dujpd{
Z tS t#+,U= +7f,
Frqglwlrqv +6e, dqg +7e, duh eruurzhu0sduwlflsdwlrq frqvwudlqwv= wkh| hqvxuh wkh hqwuhsuh0
qhxu dwwdlqv dw ohdvw }hur h{shfwhg surwv1 Frqglwlrq +7f, lv wkh lqfhqwlyh frpsdwlelolw|
frqvwudlqw wkdw dulvhv lq qrq0prqlwruhg ordqv vlqfh wkh hqwuhsuhqhxu fdqqrw frpplw wr dq
hruw ohyho dw wkh wlph wkh frqwudfw lv vljqhg1
Rqfh djdlq/ zh fdq looxvwudwh wkh vroxwlrq judsklfdoo|1 Dv ehiruh/ d prqlwruhg ordq
frqwudfw zloo vshfli| wkh h!flhqw hruw ohyho/ zkhuh wkh fxuyh S  #￿+, furvvhv wkh {0d{lv1
Wkxv/ C lq jxuh 4+d, htxdov u
C lq jxuh 4+e,1 Wkh +shu xqlw, frvw ri vxsso|lqj wkh
prqlwruhg ordq lv wkh vdph= +P . yf+t,,@t ru wkh uhfwdqjohv xqghu wkh grwwhg k|shuerodh
wkurxjk e lq jxuh 4+d, dqg +e,1 Wkhuhiruh/ wkh wrwdo vxusoxv dydlodeoh iurp d prqlwruhg
ordq lv wkh vdph uhjdugohvv ri zkhuh edujdlqlqj srzhu olhv1 Vzlwfklqj edujdlqlqj srzhu
iurp eruurzhu wr ohqghu phuho| wudqvihuv wklv vdph vxusoxv iurp rqh wr wkh rwkhu1 Lw lv wkh
eruurzhu qrz zkr pdnhv }hur surw1 Lq jxuh 4+e,/ wkh qhz grwwhg k|shuerod Ku
C uhsuhvhqwv
wkh ohqghu*v shu xqlw h{shfwhg uhyhqxhv +u
CUu
C@t, htxdo wr wkh eruurzhu*v shu xqlw h{shfwhg
uhyhqxh +qhw ri khu sulydwh frvw,1 Wkdw lv/ duhd 3+Uu
C@t,euu
C htxdov duhd 3Sdu
C1
Iru qrq0prqlwruhg ordqv/ krzhyhu/ vzlwfklqj wkh edujdlqlqj srzhu iurp eruurzhuv wr
ohqghuv dhfwv wkh vl}h ri wkh dydlodeoh vxusoxv1 Pruhryhu/ qrw doo wkh vxusoxv fdq eh wudqv0
ihuuhg wr wkh ohqghu1 Qrq0prqlwruhg ordq frqwudfwv pxvw vwloo vdwlvi| wkh lqfhqwlyh frqvwudlqw/
S #￿+,@U@t/ uhsuhvhqwhg dv ehiruh e| wkh frqfdyh fxuyh1 Wkhuhiruh/ wkh kljkhvw shu xqlw
h{shfwhg uhyhqxh wkh ohqghu fdq dwwdlq lv wkdw uhsuhvhqwhg e| wkh vrolg k|shuerod/ Ku
￿/ wdq0
jhqw wr wkh frqvwudlqw dw du1 Wkhvh uhyhqxhv duh uhsuhvhqwhg e| wkh uhfwdqjoh 3+Uu
￿@t,duu
￿1
45 Vhh Wloo| +4<<8, dqg Irkolq +5333,1
43Wklv lv vpdoohu wkdq wkh duhd 3Sd￿/ wkh eruurzhu*v h{shfwhg uhyhqxh qhw ri khu sulydwh
frvwv zkhq wkh eruurzhu kdg wkh edujdlqlqj srzhu1 Wkh glhuhqfh lv pdgh xs ri wzr duhdv=
h{wud ghdg0zhljkw orvv +vkdghg grzqzdug,/ dqg h{shfwhg vxusoxv uhwdlqhg e| hqwuhsuhqhxuv
+vkdghg xszdug,1 Wkh iruphu lv wkh uhvxow ri wkh kljkhu lqwhuhvw udwh/ Uu
￿/ fkdujhg e| ohqghuv
wr h{wudfw vxusoxv qrz wkdw wkh| kdyh wkh edujdlqlqj srzhu1 Wklv uhvxowv lq orzhu hruwv e|
eruurzhuv dqg khqfh d orzhu suredelolw| wkdw wkh surmhfw lv vxffhvvixo1 Wkh odwwhu lv dqdorjrxv
wr wkh vxusoxv uhwdlqhg e| zrunhuv lq h!flhqf| zdjh frqwudfwv1 Wkh hqwuhsuhqhxuv kdyh wr
uhwdlq vrph vxusoxv li wkh| duh wr vxsso| dq| hruw1
Lq vkruw/ zlwk prqlwruhg ordqv/ wkh vxusoxv wr ohqghuv zkhq wkh| kdyh wkh edujdlqlqj
srzhu lv wkh vdph dv wkdw eruurzhuv zkhq wkh| kdyh wkdw srzhu1 Zlwk qrq0prqlwruhg ordqv/
wkh vxusoxv wr ohqghuv lv vpdoohu1 Wkhuhiruh/ vzlwfklqj edujdlqlqj srzhu iurp wkh eruurzhu
wr wkh ohqghu whqgv wr idyru prqlwruhg ordqv1 Wklv lv frqvlvwhqw zlwk wkh frpsdulvrq ri wkh
Jhupdqv dqg Hqjolvk lqgxvwuldo uhyroxwlrqv1
Vlpsoh frpsdudwlyh vwdwlfv= +g, Lqwhuqdo yhuvxv h{whuqdo hfrqrplhv  wkh vl}h
dqg qxpehu ri upv1 Xs wr qrz/ zh kdyh dvvxphg wkdw wkh frvw ri fdslwdo iru prqlwruhg
dqg qrq0prqlwruhg ordqv/ w dqg y/ lv wkh vdph1 Lw lv olnho|/ krzhyhu/ wkdw wkh frvw ri surylglqj
d ordq ghshqgv lq sduw rq zkhwkhu wkh qdqflhu fdq wudgh wkh ghew lqvwuxphqw rq d vhfrqgdu|
dvvhw pdunhw1 Iroorzlqj Gldprqg +4<;7,/ zh dvvxph wkdw lw lv lpsrvvleoh wr wudgh prqlwruhg
ghew1 Uhfdoo wkdw wkh prqlwrulqj khuh lv ri dfwlrqv wdnhq e| wkh hqwuhsuhqhxu lq wkh frxuvh ri
surgxfwlrq/ lw lv qrw mxvw suh0vfuhhqlqj ri wkh ordq1 Zkhq ghew lv zlgho| khog/ qr lqglylgxdo
lqyhvwru kdv vx!flhqw lqfhqwlyh prqlwru wkh rq0jrlqj surmhfw146 Wkh forvh kroglqj ri ghew e|
Jhupdq edqnv jdyh wkhp dq lqfhqwlyh wr prqlwru/ zkloh wkhlu odujh vfdoh dqg zlgh sruwirolrv
uhgxfhg wkh prudo kd}dug ehwzhhq wkh ghohjdwhg prqlwru dqg lwv ghsrvlwruv1
Iru qrq0prqlwruhg ghew/ wkh ghjuhh wr zklfk wudghdeoh vhfxulwlhv duh oltxlg ghshqgv rq wkh
wklfnqhvv ri wkh vhfrqgdu| dvvhw pdunhw1 Dv Sdjdqr +4<;<, srlqwv rxw +doehlw lq wkh frqwh{w
ri htxlw| udwkhu wkdq ghew, wkh vl}h dqg glyhuvlw| ri wkh pdunhw uhgxfh dvvhw yrodwlolw|1 Wkhuh
pd| dovr eh {hg frvwv lq hvwdeolvklqj pdunhw lqiudvwuxfwxuh1 Wkxv wkhuh duh h{whuqdo vfdoh
hfrqrplhv lq wudglqj ghew1 Lq frqwudvw/ wkhuh duh lqwhuqdo vfdoh hfrqrplhv lq prqlwrulqj= lw
lv fkhdshu wr prqlwru rqh odujh ordq wkdq wzr vpdoo ordqv147
Lq rxu prgho/ vlqfh zh dvvxphg wkh {hg frvw P/ zh douhdg| lpsolflwo| dvvxphg lqwhuqdo
hfrqrplhv ri vfdoh lq prqlwrulqj1 Zh fdq prgho wkh h{whuqdo hfrqrplhv ri wudghg ghew dv
46 Jurvvpdq ) Kduw +4<;3, pdnh wkh vdph srlqw iru d sxeolf up zlwk pdq|/ vpdoo vkduhkroghuv1 Wklv ylhz
dovr xqghuolhv wkh prghuq ghedwh rq edqnlqj lq wkh XN dqg Jhupdq|= vhh/ iru h{dpsoh/ Suhyhvd ) Ulfnhwwv
+4<<7,1
47 Jxlqdqqh +iruwkfrplqj, xvhv wkh lghd wkdw wkhuh duh vfdoh hfrqrplhv lq prqlwrulqj wr h{dplqh wkh ohqglqj
srolflhv ri qlqhwhhqwk0fhqwxu| Jhupdq djulfxowxudo0fuhglw frrshudwlyhv1
44iroorzv1 Li wkh qrq prqlwruhg ordq lv qrw wudghg wkhq w @ y dv ehiruh1 Li wkh ghew lqvwuxphqw
lv wudghg/ krzhyhu/ wkhq w ghshqgv rq wkh wklfnqhvv ri wkh vhfrqgdu| dvvhw pdunhw zklfk/
lq wxuq/ ghshqgv rq wkh vl}h dqg qxpehu ri upv lq wkh hfrqrp| wkdw kdyh wudghdeoh qrq0
prqlwruhg ordq frqwudfwv1 Zkhq vxfk pdunhwv duh wklq/ dvvxph wkdw w  y1 Zkhq vxfk
pdunhwv duh wklfn/ dvvxph w?y 1 Zh fdq qrz frqvlghu frpsdudwlyh vwdwlfv rq wkh w|shv ri
lqgxvwulhv suhydohqw lq wkh hfrqrp|1 Dv lq rxu lqlwldo prgho/ dvvxph wkdw eruurzhuv kdyh doo
wkh edujdlqlqj srzhu148
Zh fdq glylgh wkh srvvlelolwlhv lqwr wkuhh sdudphwhu uhjlrqv wkdw ghshqg rq wkh vl}h
dqg qxpehu ri upv1 Zkhq wkhuh duh uhodwlyho| ihz/ vpdoo upv/ hqwuhsuhqhxuv zloo fkrrvh
qrq0prqlwruhg ordqv dqg wkh ghew lqvwuxphqwv zloo qrw eh wudghg1 Vxfk vpdoo upv duh wrr
vpdoo wr zduudqw wkh {hg frvwv ri prqlwrulqj hyhq diwhu doorzlqj iru ghdgzhljkw orvvhv/ dqg
wkh vhfrqgdu| dvvhw pdunhw zrxog vwloo eh wklq hyhq li doo ghew zdv wudghg1 Zkhq wkhuh
duh uhodwlyho| ihz/ odujh upv/ hqwuhsuhqhxuv zloo fkrrvh prqlwruhg ordqv1 Wkh {hg frvw
P lv qrz vsuhdg wklqo| hqrxjk wr zduudqw prqlwrulqj wr dyrlg ghdg0zhljkw orvvhv/ exw wkh
vhfrqgdu| dvvhw pdunhw zrxog vwloo eh wklq hyhq li doo upv lvvxhg wudghdeoh ghew1
Zkhq wkhuh duh uhodwlyho| pdq| upv ri phglxp vl}h/ Doo hqwuhsuhqhxuv frxog fkrrvh qrq0
prqlwruhg ordqv wkdw duh wkhq wudghg1 Wkh vhfrqgdu| dvvhw pdunhw zrxog wkhq eh wklfn +wkdw
lv/ w?y , dqg khqfh wkh vdylqjv iurp qrw prqlwrulqj zrxog rxwzhljk wkh ghdgzhljkw orvvhv1
Exw wklv lv qrw wkh rqo| htxloleulxp lq wklv uhjlrq1 Iru h{dpsoh/ li upv duh phglxp0vpdoo/
doo hqwuhsuhqhxuv pljkw vwloo fkrrvh qrq0prqlwruhg ordqv exw qrqh zrxog eh wudghg1 Qr0
rqh zrxog zdqw wr ghyldwh dqg lvvxh wudghdeoh ghew vlqfh wkh vhfrqgdu|0dvvhw pdunhw zrxog
eh wklq1 Vlploduo|/ li upv duh phglxp odujh/ doo hqwuhsuhqhxuv pljkw fkrrvh prqlwruhg
ordqv hyhq wkrxjk/ zhuh wkh| doo wr lvvxh wudghg ghew/ wkh| zrxog eh ehwwhu r1 Wklv lv d
frruglqdwlrq idloxuh1
Krz grhv wklv vlpsoh slfwxuh frpsduh wr wkh h{shulhqfh ri wkh Eulwlvk dqg Jhupdq lq0
gxvwuldo uhyroxwlrqvB Lq Jhuvfkhqnurq*v idprxv frpsdulvrq ri hduo| dqg odwh lqgxvwuldol}huv/
dorqjvlgh klv revhuydwlrqv rq wkh glhuhqw urohv ri edqnv/ kh dovr qrwhg +4<95/ s1687, wkdw
wkh pruh edfnzdug d frxqwu|*v hfrqrp|/ wkh pruh surqrxqfhg zdv wkh vwuhvv lq lwv lqgxvwul0
dol}dwlrq rq eljqhvv ri erwk sodqw dqg hqwhusulvh1 Wkh vl}h dqg fdslwdo uhtxluhphqwv ri wkh
w|slfdo lqgxvwuldo upv lq odwh 4;wk fhqwxu| Eulwdlq zhuh txlwh vpdoo1 Odqghv/ iru h{dpsoh/
zulwhv +4<9< ss19708,=
Wkh hduo| pdfklqhv/ frpsolfdwhg wkrxjk wkh| zhuh wr frqwhpsrudulhv/ zhuh qhy0
huwkhohvv prghvw/ uxglphqwdu|/ zrrghq frqwulydqfhv zklfk frxog eh exlow iru vxu0
sulvlqjo| vpdoo vxpv1 D iruw|0vslqgoh mhqq| frvw shukdsv Â9 lq 4:<5> 1111 Wkh rqo|
uhdoo| frvwo| lwhpv ri {hg lqyhvwphqw lq wklv shulrg zhuh exloglqjv dqg srzhu/
48 Wkh frqfoxvlrqv duh wkh vdph iru wkh rwkhu fdvh1
45exw khuh wkh klvwruldq pxvw uhphpehu wkdw wkh odujh/ pdq|0vwruh|hg ploo wkdw
dzhg frqwhpsrudulhv zdv wkh h{fhswlrq1 Prvw vr0fdoohg idfwrulhv zhuh qr pruh
wkdq jorulhg zrunvkrsv= d gr}hq zrunhuv ru ohvv> rqh ru wzr mhqqlhv/ shukdsv/ ru
pxohv> dqg d fduglqj pdfklqh wr suhsduh wkh urylqjv1
Dv odwh dv 4;74/ Jdwuhoo +4<::, irxqg wkdw wkh phgldq Odqfdvkluh frwwrq sulpdu| surfhvvlqj
up kdg mxvw ryhu 433 hpsor|hhv zkloh wkh phgldq up lq vxevlgldu| wh{wloh surgxfwlrq kdg
ihzhu wkdq 83 hpsor|hhv1 Wkh vdph vwxg| lghqwlhg ryhu 4333 vhsdudwh upv lq wkh frwwrq
wh{wloh lqgxvwu| lq Odqfdvkluh dorqh1
Wkh vl}h ri wkh w|slfdo Jhupdq up e| wkh 4;:3v zdv pxfk odujhu1 Iluvw +dqg prvw
lpsruwdqw,/ zkhuhdv wh{wlohv zhuh wkh ohdglqj vhfwru ri wkh uvw lqgxvwuldo uhyroxwlrq/ wkh
vhfrqg lqgxvwuldo uhyroxwlrq zdv grplqdwhg e| khdy| lqgxvwulhv vxfk dv vwhho dqg fkhplfdov
zlwk odujhu {hg fdslwdo uhtxluhphqwv dqg odujhu rswlpdo sodqw vl}hv1 Vhfrqg/ hyhq lq wkh
e|0qrz roghu vhfwruv/ up vl}hv jhqhudoo| lqfuhdvhg diwhu 4;831 Wklug/ Jhupdq upv pd|
kdyh ehhq odujhu wkdq wkhlu Hqjolvk frxqwhusduwv1 Wkh qxpehu ri vslqgohv shu up lq wkh
Eulwlvk vslqqlqj lqgxvwu| lqfuhdvhg e| 83( iurp 4;83 wr 4;:31 Lq Jhupdq|/ lw lqfuhdvhg e|
933(1 Lq vwhho vphowlqj/ e| wkh wxuq ri wkh fhqwxu|/ wkh phgldq phpehu ri wkh Jhupdq vwhho
fduwho zdv irxu wlphv eljjhu wkdq lwv htxlydohqw up lq Eulwdlq149
Qrw rqo| zhuh Jhupdq upv suredeo| odujhu exw/ zlwklq Jhupdq|/ wkh Jurvvedqnhq
dsshdu wr kdyh idyruhg odujhu upv1 Dv hduo| dv 4;86/ wkh vwdwhg srolf| ri wkh Edqn ri
Gdupvwdgw zdv wr frqfhqwudwh rq upv zlwk d wxuqryhu ri 83/333 Jxloghuv1 Wloo| +4<;9,
kdv fdoohg wklv Ghyhorsphqw Dvvlvwdqfh iru wkh vwurqj/4: zkloh Jhuvfkhqnurq +4<95 s143,
dujxhg wkdw wklv odwhu uhvxowhg lq d vhfwruldo eldv=
xqwlo wkh rxweuhdn ri Zruog Zdu L/ lw zdv hvvhqwldoo| frdo plqlqj/ lurq dqg vwhho
pdnlqj/ hohfwulfdo dqg jhqhudo hqjlqhhulqj/ dqg khdy| fkhplfdo rxwsxw zklfk
ehfdph wkh vskhuh ri dfwlylw| ri Jhupdq edqnv1 Wkh wh{wloh lqgxvwu|/ wkh ohdwkhu
lqgxvwu|/ dqg wkh irrgvwx surgxflqj lqgxvwulhv uhpdlqhg rq wkh iulqjhv ri edqn
lqwhuhvw 111 lw zdv khdy| udwkhu wkdq oljkw lqgxvwu| wr zklfk wkh dwwhqwlrq zdv
ghyrwhg1
Lq vkruw/ wkh odwh 4;wk fhqwxu| Eulwlvk hfrqrp| zdv w|slhg e| uhodwlyho| pdq|/ uhodwlyho|
vpdoo lqgxvwuldo upv1 Odwh 4<wk fhqwxu| Jhupdq| zdv w|slhg e| odujhu +dqg srvvleo| ihzhu,
upv1 Lq Eulwdlq/ h{whuqdo qdqfh zdv jhqhudoo| xqprqlwruhg/ vrphwlphv iurp vpdoo orfdo
49 Odqghv +4<9</ ss1556071 dqg s1596,1 Erufkdugw +4<:6/ s1466,1
4: Odqghv +4<9</ s153;, dujxhv wkdw wkh Jurvvedqnhq vrxjkw rxw wkh odujhvw srvvleoh folhqwhoh1 Irkolq
+4<<:, qgv wkdw up vl}h vwurqjo| dhfwv wkh suredelolw| ri qglqj edqn gluhfwruv rq wkh vxshuylvru| erdug/
exw wklv pd| eh gulyhq e| odujh upv qhhg wr eh olvwhg rq wkh Ehuolq vwrfn h{fkdqjh1 Vhh dovr Wloo| ) Iuhpolqj
+4<:9, hvshfldoo| s1753/ dqg Wloo| +4<;5,1
46edqnv dqg vrphwlphv lq wudghdeoh irupv vxfk dv eloov ri h{fkdqjh14; Lq Jhupdq|/ prqlwruhg
ordqv surylghg e| lqgxvwuldo edqnv zdv pruh lpsruwdqw wkdq lq Hqjodqg1
Vlpsoh frpsdudwlyh vwdwlfv= +h, Rwkhu wudghg vhfxulwlhv1
Li wkh vhfrqgdu| dvvhw pdunhw lqfoxghv vhfxulwlhv rwkhu wkdq wkrvh lvvxhg e| lqgxvwuldo
frpsdqlhv/ vxfk dv jryhuqphqw ghew lqvwuxphqwv dqg phufkdqw sdshu/ wkhq wklv dggv wr
pdunhw wklfnqhvv dqg pdnhv lw fkhdshu iru upv wr lvvxh wudghg qrq0prqlwruhg ghew1 Wkh
xvh ri wudghdeoh ghew e| lqgxvwuldo upv lq Eulwdlq zrxog lwvhoi kdyh khoshg ghyhors wkh
pdunhw dqg hqfrxudjhg rwkhuv wr iroorz1 Exw wklv surfhvv zdv suredeo| dlghg e| wkh hduo|
h{lvwhqfh ri d vhfrqgdu| dvvhw pdunhw lq Eulwdlq wudglqj lq jryhuqphqw dqg phufkdqw ghew1
Odqghv +4<9</ s1:7, zulwhv wkdw
lq qr frxqwu| lq Hxursh lq wkh 4;wk fhqwxu| zdv wkh qdqfldo vwuxfwxuh vr
dgydqfhg dqg wkh sxeolf vr kdelwxdwhg wr sdshu lqvwuxphqwv dv lq Eulwdlq 1111 Wkh
ghyhorsphqw ri d qdwlrqdo qhwzrun ri glvfrxqw dqg sd|phqw hqdeohg wkh fdslwdo
kxqju| lqgxvwuldo duhdv wr gudz 111 rq wkh fdslwdo ulfk djulfxowxudo glvwulfwv1
Wkh vhfrqgdu| pdunhw lq jryhuqphqw sdshu zdv sduwlfxoduo| zhoo ghyhorshg/ kdylqj uhfryhuhg
iurp fulvhv lq wkh 4:53v14< Wkhuh lv hylghqfh frqvlvwhqw zlwk lqwhjudwlrq ehwzhhq wklv pdunhw
dqg lqyhvwphqw lq wkh lqgxvwuldo qruwk e| dw ohdvw wkh odvw txduwhu ri wkh fhqwxu|153 Hqjodqg*v
4;wk fhqwxu| lqwhuqdo fdslwdo pdunhwv zhuh suredeo| pruh ghyhorshg wkdq wkrvh ri qhzo|
xqlwhg Jhupdq| d fhqwxu| odwhu1 Jhupdq uhjxodwlrq +vxfk dv wkh lpsrvlwlrq ri wd{hv rq
wudqvihuv ri vhfxulwlhv lq wkh 4;;3v, suredeo| klqghuhg wkh ghyhorsphqw ri vhfrqgdu| dvvhw
pdunhwv154 Rxu prgho vxjjhvwv wkdw hduo|/ zhoo0ghyhorshg vhfrqgdu| dvvhw pdunhwv lq Hqjodqg
pd| kdyh lq xhqfhg wkh irup ri ordqv fkrvhq gxulqj wkh lqgxvwuldo uhyroxwlrq1
Vlpsoh frpsdudwlyh vwdwlfv= +i, Sulydwh Zhdowk dqg Froodwhudo1 Vxssrvh qrz wkdw
wkh hqwuhsuhqhxu kdv dydlodeoh vrph sulydwh zhdowk z1 Wkhuh duh wzr fdvhv ri lqwhuhvw1 Hlwkhu
wklv zhdowk lv oltxlg dqg fdq eh lqyhvwhg gluhfwo| lq wkh surmhfw/ ru lw lv wrr looltxlg iru wklv
sxusrvh exw fdq vhuyh dv froodwhudo1 Lq wkh uvw fdvh/ wkh dfwxdo dprxqw eruurzhg lv uhgxfhg/
khqfh ohvv kdv wr eh uhsdlg li wkh surmhfw lv d vxffhvv1 Wkxv/ wkh hqwuhsuhqhxu zlwk d qrq0
prqlwruhg ordq kdv d juhdwhu lqfhqwlyh wr zrun iru wkh surmhfwv vxffhvv1 Lq frqwudvw/ iru d
4; Froolqv ) Kxgvrq +4<:</ s1:;, irxqg wkdw/ dowkrxjk wkhuh zhuh shuvrqdo olqnv ehwzhhq orfdo edqnv dqg
lqgxvwu|/ edqnv zhuh qrw forvho| lqyroyhg zlwk pdqdjhphqw xqohvv d up ghidxowhg1 Iru wkh xvh ri eloov ri
h{fkdqjh/ vhh Dvkwrq +4<78 dqg 4<88/ fk19,> dqg Dqghuvrq +4<:3,1
4< Vhh/ iru h{dpsoh/ Glfnvrq +4<9:, dqg Qhdo +4<<3,1
53 Vhh/ iru h{dpsoh/ Exfklqvn| ) Srodn +4<<6,/ dqg Krsslww +4<;9,1
54 Ulhvvhu +4<3<, dujxhv wkdw wklv ohjlvodwlrq uhgxfhg wkh frpshwlwlrq wr edqnv iurp vhfrqgdu| dvvhw pdunhwv1
Vhh dovr Wloo| +4<;9/ ss14580:,/ Jxlqdqqh +5334, ss1 8607/ dqg Irkolq +5333,1
47prqlwruhg ordq vlqfh wkh h!flhqw hruw ohyho zdv douhdg| vshflhg lq wkh frqwudfw1 Wkxv/ wkh
suhvhqfh ri sulydwh zhdowk oltxlg hqrxjk wr doorz d ghjuhh vhoi qdqfh/ uhgxfhv ghdgzhljkw
orvvhv dqg pdnhv lw pruh olnho| wkdw h{whuqdo qdqfh +li dq| lv vwloo uhtxluhg, zloo eh lq wkh
irup ri qrq0prqlwruhg ordqv1
Wkh fdvh zkhuh wkh hqwuhsuhqhxu*v sulydwh lv qrw gluhfwo| lqyhvwhg exw fdq eh xvhg dv
froodwhudo lv vlplodu1 Froodwhudo uhgxfhv wkh glhuhqfh ehwzhhq wkh dprxqw sdlg edfn wr wkh
ohqghu zkhq wkh surmhfw vxffhhgv dqg zkhq lw idlov1 Wklv lqfuhdvhv wkh lqfhqwlyh iru wkh qrq0
prqlwruhg hqwuhsuhqhxu wr surylgh hruw dqg vr lqfuhdvhv ￿ dqg uhgxfhv ghdgzhljkw orvv155
Wkxv/ hyhq li wkh sulydwh zhdowk lv rqo| xvhg dv froodwhudo/ udwkhu wkdq gluhfwo| lqyhvwhg/ lw
idyruv wkh xvh ri qrq0prqlwruhg ordqv1
Rqfh djdlq/ wklv slfwxuh lv urxjko| frqvlvwhqw zlwk wkh Eulwlvk h{shulhqfh1 Wr xvh Odqghv
dv rxu dxwkrulw| djdlq/ d jrrg pdq| ri wkh hduo| ploo rzqhuv zhuh phq ri vxevwdqfh/ ri0
whq zlwk zhdowk exlow xs iurp phufkdqw dfwlylwlhv/ sxwwlqj rxw ru hyhq duwlvdqdo surgxfwlrq
zlwklq wkh vhfwruv wkh| odwhu uhyroxwlrql}hg1 Iru h{dpsoh/ doprvw 627 ri wkh frwwrq vslqqlqj
ploov hvwdeolvkhg lq wkh Plgodqgv iurp 4:9< wr 4;33/ zhuh vhw xs e| shrsoh douhdg| hvwde0
olvkhg lq vrph sduw ri wkh wh{wloh lqgxvwu|1 Qrw rqo| zdv wkh vfdoh ri wkh qhz lqgxvwulhv
vpdoo/ exw 4;wk fhqwxu| Eulwdlq hqmr|hg 111 pruh zhdowk dqg lqfrph shu khdg wkdq wkh
xqlqgxvwuldol}hg frxqwulhv ri wrgd|156 Furx}hw*v +4<96, vwxg| ri krz lqgxvwuldol}dwlrq zdv
ixqghg lq Eulwdlq frqfoxghg wkdw wkh vlpsoh dqvzhu wr wklv txhvwlrq lv wkh ryhuzkhoplqj suh0
grplqdqfh ri vhoi0qdqfh1 Jhupdq|*v lqgxvwuldol}dwlrq/ wkrxjk odwhu/ vwduwhg iurp d orzhu
edvh lq whupv ri dffxpxodwhg lqgxvwuldo zhdowk1 Lqghhg/ wklv zdv d pdmru uhdvrq zk| Jhu0
vfkhqnurq wkrxjkw wkdw vxfk odwh lqgxvwuldol}huv zrxog qhhg dowhuqdwh qdqfldo lqvwlwxwlrqv lq
rughu wr frqfhqwudwh vx!flhqw fdslwdo1 Dv wkh prgho suhglfwv/ hduo| lqgxvwuldo hqwuhsuhqhxuv
lq Eulwdlq eruurzhg ohvv ryhudoo dqg wkhlu uhodwlyho| vpdoo h{whuqdo fdslwdo uhtxluhphqwv zhuh
phw e| orfdo edqn ordqv/ surplvvru| qrwhv dqg eloov ri h{fkdqjh1 Wkh odujhu uhtxluhphqwv ri
wkhlu frxqwhusduwv lq Jhupdq| zhuh phw/ dw ohdvw lq sduw/ e| wkh gluhfw lqyroyhphqw ri wkh
lqgxvwuldo edqnv1
Rq wkh rwkhu kdqg/ sulydwh zhdowk fdq kdyh d qhjdwlyh h{whuqdo hhfw rq wudgdeoh ghew1
Dv vhoi qdqfh lqfuhdvhv/ lw fdq fdxvh vhfrqgdu| dvvhw pdunhwv wr ehfrph wklq1 Wklv pd|
kdyh kdsshqhg lq Eulwdlq wrzdugv wkh hqg ri wkh qlqhwhhqwk fhqwxu|1 Wkh kljk shulrg ri edqn
ordqv wr lqgxvwu| lq Eulwdlq dsshduv wr kdyh ehhq wkh plggoh ghfdghv ri wkh 4<wk fhqwxu|157
55 Iru d pruh ghwdlohg glvfxvvlrq ri wkh frpsdudwlyh vwdwlfv lq prudo kd}dug prghov zlwk h{solflw edqnuxswf|0
froodwhudo uxohv/ vhh Dgohu/ Srodn ) Vfkzduw} +5333,1
56 Odqghv +4<9< ss19809/ dqg s1:;,1 Vhh dovr Sroodug +4<97 s1633,1
48Wkhuhdiwhu/ diwhu d jhqhudwlrq ri lqgxvwuldo jurzwk dqg dffxpxodwlrq/ vhoi qdqfh pd| kdyh
xqghuplqhg wkh wudglwlrqdo uroh ri Hqjolvk edqnv/ qrw dv prqlwruv exw dv lqwhuphgldulhv wr
vhfrqgdu| pdunhwv1 Wklv pd| kdyh ohg wr zkdw vrph fulwlfv vhh dv lqfuhdvhg vhsdudwlrq
ehwzhhq qdqfldo dqg lqgxvwuldo fdslwdo158
Zh vxppdul}h wkh pdlq frpsdudwlyh vwdwlfv uhvxowv iurp deryh dv iroorzv=
Sursrvlwlrq 5 Qrq0prqlwruhg ordqv duh uhodwlyho| pruh olnho| wr eh fkrvhq zkhuh= wkh xq0
ghuo|lqj frvw ri fuhglw lv orz> edujdlqlqj srzhu idyruv eruurzhuv ryhu ohqghuv> wkh vfdoh ri
surmhfwv lv vpdoohu> wkhuh duh pruh upv uhtxlulqj fdslwdo> wkhuh duh suh0h{lvwlqj wklfn vhf0
rqgdu| dvvhw pdunhwv> dqg wkh hqwuhsuhqhxuv kdyh pruh sulydwh zhdowk1
6 Hqwu|/ Shuvlvwhqfh dqg Zhoiduh
Lq wkh suhylrxv vhfwlrq/ zh wulhg wr h{sodlq wkh hphujhqfh ri wzr glhuhqw qdqfldo v|vwhpv
lq 4;wk fhqwxu| Hqjodqg dqg 4<wk fhqwxu| Jhupdq|1 Zh frqvlghuhg wkh fkrlfh ehwzhhq
prqlwruhg dqg wudghdeoh ordqv/ wdnlqj dv jlyhq wkh vwuxfwxuh ri wkh qhz lqgxvwulhv lq wkhvh
wzr lqgxvwuldo uhyroxwlrqv1 Iru h{dpsoh/ zh dujxhg wkdw wkh Hqjolvk qdqfldo v|vwhp hphujhg
wr frsh zlwk dq lqgxvwu| frqvlvwlqj ri pdq|/ vpdoo upv vxfk wh{wlohv/ zkhuhdv wkh Jhupdq
v|vwhp hphujhg wr frsh zlwk dq lqgxvwu| frqvlvwlqj ri ihzhu/ odujhu upv vxfk dv vwhho1 Wr
vrph h{whqw/ wklv zdv dq dujxphqw zkhuh lqgxvwuldo whfkqrorj| ghwhuplqhg wkh uhvsrqvh ri
wkh qdqfldo vhfwru1 Lq wklv vhfwlrq/ zh dvn zk| wkhvh glhuhqw qdqfldo v|vwhpv shuvlvwhg
lqwr wkh 53wk fhqwxu| hyhq wkrxjk hqwuhsuhqhxuv lq erwk frxqwlhv suhvxpdeo| kdg dffhvv
wr wkh vdph vhw ri whfkqrorjlhv +lqghhg/ erwk hfrqrplhv frqwdlqhg erwk vwhho dqg wh{wlohv
vhfwruv,1
Wr h{dplqh wklv txhvwlrq/ zh ghyhors d prgho zlwk iuhh hqwu| lqwr erwk lqgxvwu| dqg 0
qdqfh1 Doo hqwuhsuhqhxuv idfh wkh vdph whfkqrorj| dqg fdq fkrrvh wkh vfdoh ri wkhlu surmhfwv1
Doo ohqghuv fdq fkrrvh zkhwkhu wr hvwdeolvk dq lqyhvwphqw edqn zlwk wkh whfkqrorj| dqg
shuvrqqho wr prqlwru upv/ ru mxvw d uhjxodu edqn1 Wkh vl}h dqg qxpehu ri upv/ dqg wkh
w|sh ri wkh qdqfldo v|vwhp duh ghwhuplqhg lq htxloleulxp1 Wkh lghd zh zdqw wr fdswxuh
lv wkdw lqgxvwuldo hqwuhsuhqhxuv pd| wdnh qdqfldo lqvwlwxwlrqv dv jlyhq zkhq wkh| rujdql}h
upv1 Vlploduo|/ ohqghuv pd| wdnh wkh rujdql}dwlrq ri upv dv jlyhq zkhq wkh| fkrrvh zkdw
w|sh ri qdqfldo lqvwlwxwlrqv wr irup159 Dq hfrqrp| pd| wkhq qg lwvhoi zlwk Jhupdq0vw|oh
57 Vhh/ iru h{dpsoh/ Froolqv ) Kxgvrq +4<:<,> dqg Froolqv +4<<3/ 4<<4,1
58 Vhh/ iru h{dpsoh/ Ehvw ) Kxpskuh|v +4<;9,1
59 Khuh/ zh xvh surmhfw vfdoh dv rxu h{dpsoh ri dq rujdql}dwlrqdo fkrlfh ri upv/ exw wkh jhqhudo lghd frxog
49edqnv dqg Jhupdq0vw|oh upv/ hdfk ghvljqhg wdnlqj wkh rwkhu dv jlyhq> ru zlwk Dqjor0Vd{rq
vw|oh vhfrqgdu| dvvhw pdunhwv dqg Dqjor0Vd{rq vw|oh upv1 Zh uvw ghvfuleh wkhvh cJhupdq*
dqg Dqjor0Vd{rq* w|shv ri htxloleuld/ wkhq vkrz wkdw pxowlsoh htxloleuld fdq dulvh dqg glv0
fxvv zkhwkhu wkh shuvlvwhqfh ri glhuhqw qdqfldo v|vwhpv pljkw kdyh zhoiduh lpsolfdwlrqv1
Wkurxjkrxw/ zh zloo frqvlghu rqo| sxuh0vwudwhj| htxloleuld dqg zloo ljqruh lqwhjhu frqvwudlqwv1
Wkh Hqwu| Prgho Wr doorz wkh qxpehu ri surmhfwv wr eh hqgrjhqrxv/ dvvxph wkhuh duh
d odujh qxpehu ri +srwhqwldo, hqwuhsuhqhxuv hdfk zlwk dq lghqwlfdo surmhfw/ surgxflqj dq
lghqwlfdo surgxfw1 Zh dvvxph wkdw qr hqwuhsuhqhxu kdv dffhvv wr dq| sulydwh fdslwdo/ doo
surmhfw ulvnv duh lqghshqghqw/ dqg wkh surgxfw idfhv d grzqzdug vorslqj ghpdqg fxuyh1
Wkhuh duh d vlploduo| odujh qxpehu ri +srwhqwldo, ohqghuv1 Wkh prgho kdv wkuhh vwdjhv1 Iluvw/
hdfk hqwuhsuhqhxu fkrrvhv d vfdoh t￿1 Wklv lv wkh txdqwlw| ri rxwsxw wkdw khu sursrvhg
surmhfw zloo surgxfh li lw lv ixqghg dqg li lw lv vxffhvvixo1 Vlpxowdqhrxvo|/ hdfk qdqflhu
fkrrvhv zkhwkhu wr irup dq lqyhvwphqw edqn ru d uhjxodu edqn1 Rqo| lqyhvwphqw edqnv duh
htxlsshg wr prqlwru ordqv1 Hdfk qdqflhu lv pdwfkhg zlwk h{dfwo| rqh hqwuhsuhqhxu1 Wkhq/
hlwkhu wkh hqwuhsuhqhxu dqg qdqflhu djuhh rq d ordq frqwudfw dqg wkh surmhfw lv ixqghg/ ru
wkh surmhfw lv dedqgrqhg1 Vlqfh zh duh dvvxplqj iuhh hqwu|/ wkh uhodwlyh edujdlqlqj srzhu ri
wkh ohqghu dqg wkh eruurzhu grhv qrw pdwwhu1
Vlplodu wr ehiruh/ d surmhfw wkdw zrxog +li vxffhvvixo, surgxfh txdqwlw| t uhtxluhv d fdslwdo
lqyhvwphqw ri f+t,1 Dvvxph wkdw f+t,@t kdv wkh vwdqgdug X0vkdsh zlwk {hg frvwv= wkdw lv/ f/
f￿/ f￿￿ A 3 iru doo tA3 > wkhuh lv d tW A 3 vxfk wkdw f￿+tW,@f + t W, @tW> dqg olp^<f f+t,@t @ 41
Prqlwrulqj lv frvwo|1 Li d ordq lv wr eh prqlwruhg +zklfk suhvxssrvhv wkdw wkh ohqghu iruphg
dq lqyhvwphqw edqn, wkhq wkh frvw wr wkh qdqflhu ri vxsso|lqj wkh ordq lv P .yf+t,1 Hlwkhu
w|sh ri qdqfldo lqvwlwxwlrq fdq rhu d qrq0prqlwruhg ordq1 Wkh frvw ri vxfk d ordq ghshqgv
rq zkhwkhu ru qrw lw lv wudghg dqg/ li lw lv wudghg/ rq wkh wklfnqhvv ri wkh vhfrqgdu| dvvhw
pdunhw1 Li d ordq lv qrq0prqlwruhg dqg qrw wudghg/ wkh frvw wr wkh qdqflhu ri vxsso|lqj
wkh ordq lv yf+t,1 Li wkh ordq lv wr eh wudghg wkhq wkh frvw ri wkh qdqflhu ri vxsso|lqj wkh
ordq lv wf+t,1 Wr nhhs wklqjv vlpsoh/ zh dvvxph wkdw w f d qw d n hr qr q o |w z ry d o x h v =?y
zkhq vhfrqgdu|0dvvhw pdunhwv duh wklfn> ru y zkhq vhfrqgdu| dvvhw pdunhwv duh wklq15: Zh
dvvxph wkdw wkh rxwsxw pdunhw lv odujh hqrxjk vxfk wkdw li/ lq htxloleulxp/ doo dfwlyh upv
xvhg wudghdeoh ghew wkhq wkh vhfrqgdu| dvvhw pdunhw zrxog eh wklfn1
eh h{whqghg1 Wkh rujdqlvdwlrq ri upv frxog uhihu wr w|shv ri pdfklqhu| ru wr dgplqlvwudwlyh irupv1 Iru
h{dpsoh/ upv vhw xs wr eh uxq e| idplo| phpehuv zkr kdyh vshfldo nqrzohgjh ri wkh exvlqhvv pd| qrw hdvlo|
eh dgdswhg wr doorz iru h{whuqdo prqlwrulqj1
5: Zkloh zh lghqwli| hdfk surmhfw zlwk d vhsdudwh up dqg d wklfn pdunhw zlwk pdq| surmhfw2upv/ zh
f r x o gd o v rd o o r zi r uw k hs r v v l e l o l w |w k d wr q h u pk d vp d q |g l  h u h q ws u r m h f w vd q go h wp d u n h ww k l f n q h v vg h s h q g
rq wkh qxpehu ri surmhfwv qrw wkh qxpehu ri upv1 Zh gr qrw sxuvxh wklv h{whqvlrq lq juhdwhu ghwdlo khuh/
exw vhh Vxeudkpdq|dp +4<<4, dqg Jruwrq ) Shqqdffkl +4<<6,1
4:Doo ordq frqwudfwv vshfli| wkh dprxqw wr eh sdlg edfn/ U/ lq wkh hyhqw wkdw d ixqghg
surmhfw lv vxffhvvixo1 Iru d prqlwruhg ordq/ wkh frqwudfw dovr vshflhv wkh hruw ohyho +ru
suredelolw| ri vxffhvv, ￿ ri wkh hqvxlqj surmhfw1 Iru d qrq0prqlwruhg ordq/ hruwv duh
xqrevhuydeoh vr wkh suredelolw| ri vxffhvv ￿ zloo eh wkdw lqgxfhg e| wkh lqfhqwlyhv lpsolflw
lq wkh frqwudfw1 Ghqh h!flhqw vfdoh wr eh wkh vfdoh wkdw plqlpl}hv dyhudjh frvwv1 Iru d
qrq0prqlwruhg ordq wkh h!flhqw vfdoh tW
￿ lv vlpso| tW ghqhg deryh1 Iru d prqlwruhg ordq/
wkh h!flhqw vfdoh tW
C lv odujhu vlqfh prqlwrulqj lqyroyhv dq h{wud {hg frvwv P1
Ohw Q ghqrwh wkh vhw ri upv wkdw duh ixqghg lq wkh uvw vwdjh/ dqg ohw Q eh wkh
qxpehu ri vxfk upv1 Lq wkh vhfrqg vwdjh/ hdfk hqwuhsuhqhxu zkrvh surmhfw kdv ehhq ixqghg
fkrrvhv wkh suredelolw| ￿ wkdw lw zloo vxffhhg1 Iru wkrvh zlwk prqlwruhg ordqv/ wklv pxvw
eh wkh ohyho vshflhg lq wkh frqwudfw1 Dv ehiruh/ ohw t#+, eh wkh dvvrfldwhg sulydwh frvw
wr wkh hqwuhsuhqhxu/ zkhuh # kdv wkh vdph surshuwlhv dv ehiruh1 Wkh hqwuhsuhqhxuv fdqqrw
revhuyh wkh qxpehu ri frpshwlwruv Q/ wkhlu frpshwlwruv* survshfwlyh rxwsxwv +t￿,￿M￿.￿/r u
wkhlu frqwudfwv dqg suredelolwlhv ri vxffhvv +U￿>￿, ￿M￿.￿15; Lq wkh wklug vwdjh/ upv hlwkhu
vxffhhg ru idlo1 Wkh vxffhvvixo upv vhoo wkhlu rxwsxw dw sulfh S @   T/ zkhuh T lv
uhdol}hg djjuhjdwh rxwsxw1 Rxu dvvxpswlrq wkdw wkh rxwsxw pdunhw lv odujh lv htxlydohqw wr
dvvxplqj wkdw  lv odujh dqg  lv vpdoo1 Hdfk up l zkrvh surmhfw lv d vxffhvv uhsd|v wkh
dprxqw U￿ vshflhg lq lwv frqwudfw/ zkloh upv zkrvh surmhfwv idlo ghidxow rq wkhlu ordqv15<
Jhupdq Htxloleulxp1 Zh uvw frqvlghu htxloleuld lq zklfk doo ordqv duh prqlwruhg1 Wr
vwduw/ zh zloo ljqruh ghyldwlrqv wr qrq0prqlwruhg ordq frqwudfwv/ dqg wkhq uhwxuq wr wkhvh
odwhu1 Zh frqvwuxfw dq htxloleulxp lq zklfk doo qdqflhuv irup lqyhvwphqw edqnv +htxlsshg
wr prqlwru ordqv,/ doo upv fkrrvh wkh vdph survshfwlyh rxwsxw tC/ dqg doo wkh upv wkdw
duh ixqghg kdyh wkh vdph prqlwruhg ordq frqwudfw +UC>C,1 Ohw QC eh wkh qxpehu ri wkhvh
dfwlyh upv/ dqg ohw SC eh wkh h{shfwhg rxwsxw sulfh1 Wkhvh yh yduldeohv duh ghqhg e|
wkh iroorzlqj yh htxdwlrqv163
tCC^+QC 4,CtC  tC`@ C U C . t C # +  C , +8d,
CUC @ P . yf+tC, +8e,
tC ^   +QC  4,CtC  tC`@t C # ￿ +  C , +8f,
5; Dq hduolhu yhuvlrq ri wklv prgho uhyhuvhg wklv dvvxpswlrq1 Wkh dqdo|vlv zdv pruh frpsolfdwhg exw wkh
uhvxowv dqg lqwxlwlrqv zhuh txdolwdwlyho| wkh vdph1
5< Zh dvvxph wkdw/ lq htxloleulxp/ wkh rxwsxw pdunhw lv wklfn hqrxjk iru xv wr ljqruh ghidxowv fdxvhg e|
h{ srvw sulfh ulvn1 Djdlq/ wklv dvvxpswlrq lv qrw hvvhqwldo1
63 D vroxwlrq wr wkhvh htxdwlrqv h{lvwv +iru vrph udqjh ri , xqghu rxu pdlqwdlqhg dvvxpswlrq wkdw k lv
odujh dqg q lv vpdoo1
4;C ^   +QC  4,CtC  5tC`@yf￿+tC,.#+  C, +8g,
  QCCtC @ SC= +8h,
Qrwlfh wkdw wklv lv vlplodu wr d vwdqgdug Frxuqrw0hqwu| htxloleulxp1 Htxdwlrq +8d, lv wkh
}hur0surw frqglwlrq iru upv1 Wkh whup lq eudfnhwv lv wkh rxwsxw sulfh wkdw up l h{shfwv
wr jhw iru lwv surgxfw li lw lv vxffhvvixo/ vr wkh ohiw vlgh lv mxvw h{shfwhg uhyhqxh1 Wkh uljkw
vlgh lv h{shfwhg frvwv= wkh h{shfwhg uhsd|phqw wr wkh ohqghu soxv chruw frvw*1 Htxdwlrq +8e,
lv wkh }hur0surw frqglwlrq iru ohqghuv1 Wkh ohiw vlgh lv wkh h{shfwhg uhsd|phqw1 Wkh uljkw
vlgh lv wkh frvw ri qdqflqj wkh prqlwruhg ordq1 Htxdwlrq +8f, vhohfwv wkh rswlpdo ohyho ri
 iru wkh up/ wdnlqj dv jlyhq wkh rxwsxwv dqg suredelolwlhv ri vxffhvv ri wkh rwkhu dfwlyh
upv1 Wkh ohiw vlgh lv wkh uhyhqxh wkh up jhwv li lw lv vxffhvvixo1 Wklv lv wkh pdujlqdo
ehqhw ri lqfuhdvlqj 1 Wkh uljkw vlgh lv wkh pdujlqdo frvw1 Wkhuhiruh/ htxdwlrqv +8e, dqg
+8f, fruuhvsrqg wr wkh prgho lq vhfwlrq 51 Il{lqj tC dqg zulwlqj OC iru  +QC  4,CtC/
wkh lqwhufhsw ri wkh uhvlgxdo ghpdqg fxuyh/ jxuh 5+d, vkrzv wkh vroxwlrq wr wkhvh wkuhh
htxdwlrqv1 Wkh }hur0surw frqglwlrq +8d, lv vkrzq e| wkh pdunhg htxdo duhdv1 Htxdwlrq
+8g, vhohfwv wkh survshfwlyh txdqwlw|1 Wkh ohiw vlgh lv olnh wkh vwdqgdug Frxuqrw pdujlqdo
uhyhqxh +wdnlqj dv jlyhq wkh dfwlrqv ri wkh rwkhu upv, h{fhsw wkdw wklv pdujlqdo uhyhqxh
lv rqo| dwwdlqhg zlwk suredelolw| C1 Wkh uljkw vlgh lv wkh pdujlqdo frvw ri lqfuhdvlqj wkh
survshfwlyh txdqwlw|164 Htxdwlrq +8h, ghqhv wkh h{shfwhg htxloleulxp sulfh1
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Iljxuh 5= Wkh prgho zlwk hqwu|= +d, Jhupdq dqg +e, Dqjor0Vd{rq htxloleulxp1
64 Qrwlfh wkdw wkh uhsd|phqw whup/ -/ dgmxvwv wr dffrxqw iru fkdqjhv lq wkh qdqflqj frvw ri wkh ordq dv ^
lqfuhdvhv1
4<Zh fdq wklqn ri DFC+t,= @+ P.yf+t,,@t dv wkh dyhudjh0qdqflqj0frvw ixqfwlrq iru d
prqlwruhg ordq1 Wkhq/ iurp htxdwlrqv +8d,/ +8e, dqg +8g,/ zh rewdlq=
DF￿
C+tC,@  C= +9,
Wklv fruuhvsrqgv wr wkh vwdqgdug Frxuqrw0hqwu| +ru prqrsrolvwlf frpshwlwlrq, uhvxow wkdw
wkh ghpdqg fxuyh dqg wkh dyhudjh frvw fxuyh duh wdqjhqw165
Lw uhpdlqv wr frqvlghu wkh srvvlelolw| wkdw rqh ri wkh upv fkrrvhv d qrq0prqlwruhg ordq
+dqg srvvleo| d glhuhqw ohyho ri survshfwlyh rxwsxw,1 Zlwkrxw orvv ri jhqhudolw|/ zh fdq
dvvxph wkdw wklv ordq lv qrw wudghg1 Li qrw/ wkh ghyldqw frqwudfw zrxog eh wkh rqo| wudghdeoh
ghew lqvwuxphqw vr w @ y= Vxssrvh wkh ghyldqw up lv dfwlyh lq wkh sursrvhg htxloleulxp/ wkdw
lw lqvwhdg fkrrvhv survshfwlyh rxwsxw t/ dqg wkdw lw sursrvhv d qrq0prqlwruhg ordq frqwudfw
wkdw vshflhv d uhsd|phqw ri U li wkh surmhfw lv vxffhvvixo1 Li wkh frqwudfw lv dffhswhg/ wkh
ghyldqw up zloo fkrrvh  vxfk wkdw=
t+   +QC  4,CtC  t,t#￿+,@U=
Iru wklv frqwudfw wr eh dffhswhg e| wkh ohqghu/ lw pxvw vdwlvi| khu sduwlflsdwlrq frqvwudlqw=
yf+t,@U1
Frpelqlqj wkhvh wzr htxdwlrqv |lhogv
+   +QC  4,CtC  t,#￿+,@yf+t,@t +:,
Wklv lv dqdorjrxv wr wkh dqdo|vlv ri qrq0prqlwruhg ordqv lq vhfwlrq 5 h{fhsw wkdw wkh rxwsxw
sulfh lv qrz dhfwhg e| wkh survshfwlyh txdqwlw|1 Wkh ohiw vlgh lv dqdorjrxv wr wkh frqfdyh
grzqzdug0vorslqj fxuyh uhsuhvhqwlqj wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw1 Wkh uljkw vlgh
lv dqdorjrxv wr wkh k|shuerod uhsuhvhqwlqj wkh ohqghu0sduwlflsdwlrq frqvwudlqw1 Li sulfhv duh
orz hqrxjk  pruh vshflfdoo|/ li  +QC  4,CtC lv kljk hqrxjk  wkhq wkhuh zloo eh qr
lqwhuvhfwlrq ri wkhvh wzr fxuyhv> wkdw lv/ wkhuh zloo eh qr t dqg  wkdw vdwlvhv htxdwlrq +:,1
Lq wklv fdvh/ wkhuh zloo eh qr surwdeoh ihdvleoh ghyldwlrqv wr qrq0prqlwruhg ordq frqwudfwv166
Pruh irupdoo|/ ghqh
jC+t>,= @+ + Q C4,CtC,  t #￿+,yf+t,@t= +;,
65 Wkh ZC lq frqglwlrq +9, fruuhfwv iru wkh idfw wkdw wkh up rqo| rewdlqv uhyhqxh zkhq lw vxffhhgv1 Wkh
uhohydqw wdqjhqf| khuh lv ehwzhhq +h{shfwhg, ghpdqg dqg wkh ixoo dyhudjh frvwv lqfoxglqj wkh dyhudjh frvw ri
hruw EZ1 Wkh odwwhu grhv dhfw wkh ghulydwlyh lq frqglwlrq +9, vlqfh lw lv d frqvwdqw1
66 Khuh/ zh kdyh rqo| dujxhg wkdw vxfk ghyldwlrqv e| dfwlyh upv duh lqihdvleoh1 Rxu frqglwlrq/ krzhyhu/
lv +d iruwlrul, vx!flhqw iru qrq0dfwlyh upv vlqfh wkhuh duh wkhq  qrq0ghyldqw upv sxvklqj grzq wkh sulfh1
53Wkhq
Sursrvlwlrq 6 Li jC+t>, ? 3 iru doo tA3dqg doo  lq ^3>4`/ wkhq htxdwlrqv +8d,0+8h,
ghvfuleh d Jhupdq htxloleulxp1
Dqjor0Vd{rq Htxloleulxp1 Qh{w/ zh frqvlghu htxloleuld lq zklfk doo ordqv duh qrq0
prqlwruhg dqg wudghg1 Wr vwduw/ zh zloo ljqruh ghyldwlrqv wr prqlwruhg ordq frqwudfwv/
dqg wkhq uhwxuq wr wkhvh odwhu1 Zh frqvwuxfw dq htxloleulxp lq zklfk doo qdqflhuv irup
uhjxodu edqnv +qrw htxlsshg wr prqlwru ordqv,/ doo upv fkrrvh wkh vdph survshfwlyh rxwsxw
tC/ doo wkh upv wkdw duh ixqghg kdyh wkh vdph qrq0prqlwruhg ordq frqwudfw U￿/ dqg wkhvh
frqwudfwv duh wkhq wudghg rq wkh +wklfn, vhfrqgdu| dvvhw pdunhw1 Doo wkh dfwlyh upv fkrrvh
wkh vdph suredelolw| ri vxffhvv ￿1 Ohw Q￿ eh wkh qxpehu ri wkhvh dfwlyh upv/ dqg ohw S￿ eh
wkh h{shfwhg rxwsxw sulfh1 Wkhvh yh yduldeohv duh ghqhg e| wkh iroorzlqj yh htxdwlrqv=67
f+t￿,@t￿2
￿ @ #￿￿+￿, +<d,
￿U￿ @ f+t￿, +<e,




@t￿ @ ￿ +<g,
  Q￿￿t￿ @ S￿= +<h,
Xqolnh wkh Jhupdq htxloleulxp/ wklv lv qrw d vwdqgdug Frxuqrw0hqwu| htxloleulxp1 Iru
h{dpsoh/ htxdwlrq +<d, lv qrw d }hur0surw frqglwlrq1 Zlwk prudo kd}dug/ hqwu| fdqqrw gulyh
wkh upv* h{shfwhg surwv wr }hur1 Wkh lqwxlwlrq lv wkdw/ li sulfhv zhuh gulyhq wrr orz/ lw
zrxog eh lpsrvvleoh wr vdwlvi| erwk wkh ohqghu*v }hur0surw frqvwudlqw dqg wkh eruurzhu*v
lqfhqwlyh0frpsdwlelolw| frqvwudlqw1
Wkhvh wzr frqvwudlqwv duh jlyhq e| htxdwlrqv +<e, dqg <f,1 Frpelqlqj |lhogv=




Il{lqj t￿ dqg zulwlqj O￿ iru    +Q￿  4,￿t￿/ wkh lqwhufhsw ri wkh uhvlgxdo ghpdqg
fxuyh/ wkh ohiw vlgh ri h{suhvvlrq +43, lv uhsuhvhqwhg e| wkh grzqzdug0vorslqj frqfdyh fxuyh
lq jxuh 5+e,1 Wkh uljkw vlgh lv uhsuhvhqwhg e| wkh k|shuerod1 Wkh uvw frqglwlrq deryh/
htxdwlrq +<d,/ ghvfulehv wkh wdqjhqf| ehwzhhq wkhvh wzr fxuyhv1 Wkhuhiruh/ wkh uvw wkuhh
frqglwlrqv wdnhq wrjhwkhu hqvxuh wkdw qr ixuwkhu hqwu| fdq rffxu1 Li dq| ixuwkhu upv zhuh
67 Djdlq/ d vroxwlrq wr wkhvh htxdwlrqv h{lvwv xqghu rxu pdlqwdlqhg dvvxpswlrq wkdw k lv odujh dqg q lv
vpdoo1
54wr hqwhu/ wkh lqwhufhsw ri wkh uvw fxuyh +dqg khqfh hqwluh fxuyh, zrxog vkliw grzq/ ohdylqj
qr lqwhufhsw1 Wkxv/ lq htxloleulxp/ qr ixuwkhu up zloo eh ixqghg1 Wkh vkdghg duhd lq wkh
jxuh uhsuhvhqwv wkh +shu xqlw, h{shfwhg surwv ri wkh up1 Dv lq wkh prgho ri vhfwlrq 5/
wkh hqwuhsuhqhxuv kdyh wr uhwdlq wklv vxusoxv li wkh| duh wr vxsso| dq| hruw1
Htxdwlrq +<g,/ vhohfwv wkh survshfwlyh txdqwlw|1 Zh fdq wklqn ri DF￿+t,= @f+t,,@t
dv wkh dyhudjh0qdqflqj0frvw ixqfwlrq iru d wudghg qrq0prqlwruhg ordq1 Xvlqj wklv/ zh fdq
uhzulwh htxdwlrq +<g, dv=
DF￿
￿+t￿,@  ￿ 1+ 4 4 ,
Olnh htxdwlrq +9,/ wklv htxdwlrq vd|v wkdw wkh vorsh ri wkh dyhudjh frvw fxuyh lv htxdo wr wkh
vorsh ri wkh +h{shfwhg, ghpdqg fxuyh1 Xqolnh htxdwlrq +9,/ krzhyhu/ wkh wzr fxuyhv duh qrw
wdqjhqw= lqghhg/ dv zh kdyh vhhq/ surwv duh qrw }hur1 Lqvwhdg/ dq lqwxlwlrq iru wklv frqglwlrq
lv wkdw qr dfwlyh up vkrxog eh deoh wr lpsuryh lwv +h{shfwhg, sulfh0frvw pdujlq e| dowhulqj
lwv survshfwlyh txdqwlw|1
Pruh irupdoo|/ frqvlghu d ghyldwlrq lq wkh survshfwlyh txdqwlw| fkrvhq e| rqh ri wkh upv
wkdw lv dfwlyh lq wkh sxwdwlyh htxloleulxp +kroglqj {hg wkh fkrlfhv ri wkh rwkhu upv,1 Wr
uxoh rxw vxfk d ghyldwlrq/ lw lv hqrxjk wr vkrz wkdw wkh ghyldqw up zloo qrw eh ixqghg1
Ghqh
j￿+t>,= @+ + Q ￿4,￿t￿,  t #￿+,DF￿+t,@1+ 4 5 ,
AIurp htxdwlrq +43,/ zh nqrz wkdw j+t￿>￿,@3 > wkdw lv/ wkh lqfhqwlyh0frpsdwlelolw| dqg
ohqghu0sduwlflsdwlrq frqvwudlqwv duh phw +h{dfwo|, dw +t￿>￿,1 Wkxv/ d vx!flhqw frqglwlrq
iru qr vxfk ghyldqw up wr eh ixqghg lv wkdw j+t>, ? 3 iru doo +t>, 9@+ t ￿ >￿,1 Wklv
lv htxlydohqw wr vd|lqj wkdw wkh ixqfwlrq j+t>, dfklhyhv lwv pd{lpxp dw +t￿>￿,1W k h
uvw0rughu frqglwlrq ri wklv pd{lpl}dwlrq sureohp zlwk uhvshfw wr  lv
DF￿+t￿,@ 2
￿# ￿￿+￿, +46,
zklfk lv mxvw d uhzulwlqj ri htxdwlrq +<d,1 Wkh uvw0rughu frqglwlrq zlwk uhvshfw wr t |lhogv
htxdwlrq +<g,1 Lq wkh dsshqgl{/ zh surylgh d frqglwlrq xqghu zklfk wkhvh uvw0rughu frqgl0
wlrqv duh vx!flhqw dqg zh vkrz wkdw wkh vx!flhqf| frqglwlrq lv dozd|v vdwlvhg zkhq  lv
vpdoo= wkdw lv/ zkhq wkh pdunhw lv odujh1 Dovr lq wkh dsshqgl{/ zh vkrz wkdw wkhuh dozd|v
h{lvwv d sdlu +t￿>￿,wkdw vdwlvhv erwk htxdwlrq +44, dqg +46,1
Lw uhpdlqv wr frqvlghu wkh srvvlelolw| wkdw rqh ri wkh qdqflhuv ghyldwhv wr irup dq
lqyhvwphqw edqn htxlsshg wr prqlwru ordqv1 Iluvw frqvlghu wkh fdvh zkhuh wkh ghyldqw
qdqflhu lv pdwfkhg zlwk d up wkdw lv qrw dfwlyh lq wkh sursrvhg htxloleulxp1 Vxssrvh wkdw
wklv sdlu djuhh rq d prqlwruhg0ordq frqwudfw vshfli|lqj 1 Wkh mrlqw vxusoxv ri wkh ghyldqw
55ohqghu dqg khu sduwqhu up lv wkhq jlyhq e|=
Y￿+,= @t ￿+ Q￿￿t￿ t￿,t￿#+,P yf+t￿,1+ 4 7 ,
Wkhuhiruh/ d qhfhvvdu| frqglwlrq iru htxloleulxp lv Y￿+,  3 iru doo  lq ^3>4`1
Qh{w frqvlghu wkh fdvh zkhuh wkh ghyldqw qdqflhu lv pdwfkhg zlwk d up wkdw lv dfwlyh lq
wkh sursrvhg htxloleulxp1 Djdlq/ vxssrvh wkdw wklv sdlu djuhh rq d prqlwruhg0ordq frqwudfw
vshfli|lqj 1 Wkh mrlqw vxusoxv ri wkh ghyldqw ohqghu dqg khu sduwqhu up lv wkhq jlyhq e|=
Y2+,= @t ￿+  + Q ￿4,￿t￿  t￿,t￿#+,P yf+t￿,1
Zh gr qrw qhhg Y2+, wr eh qhjdwlyh iru doo  vlqfh wkh ghyldqw dfwlyh up zrxog dq|zd|
pdnh srvlwlyh h{shfwhg surwv lq wkh sxwdwlyh htxloleulxp1 Wkhvh srvlwlyh h{shfwhg surwv
duh jlyhq e|
Y￿ =@ t￿￿ +   +Q￿  4,￿t￿  t￿,t￿#+￿,f+t￿,1+ 4 8 ,
Wkhuhiruh/ wkh odvw qhfhvvdu| frqglwlrq iru htxloleulxp lv Y2+,  Y￿ iru doo  lq ^3>4`1 Qrwlfh
krzhyhu wkdw wkh ixqfwlrqv Y￿ dqg Y2 rqo| glhu e| dq h{wud ￿t￿ lq wkh h{shfwhg sulfh1 Li
wkh pdunhw lv odujh/ wkdw lv  lv vpdoo/ wkhq wklv whup zloo eh vpdoo1 Lq wklv fdvh/ wkh frqvwudlqw
wkdw h{foxghv hqwu| e| dq h{wud prqlwruhg up zloo lpso| wkh frqvwudlqw wkdw h{foxghv dq
dfwlyh +douhdg| surwdeoh, up vzlwfklqj wr prqlwrulqj1
Wr vxppdul}h=
Sursrvlwlrq 7 Zkhq  lv vpdoo/ li Y￿+,  3 iru doo  lq ^3>4` wkhq htxdwlrqv +<d,0+<h,
ghvfuleh dq Dqjor0Vd{rq htxloleulxp1
Frpsdulqj Htxloleuld1 Zh duh lqwhuhvwhg lq vwxg|lqj wkh qdwxuh ri Jhupdq dqg Dqjor0
Vd{rq htxloleuld zkhq frpshwlwlrq ehwzhhq upv lv lqwhqvh1 Wkhuhiruh/ zh zloo irfxv rq wkh
fdvh zkhuh wkh pdunhw lv odujh> wkdw lv/  lv vpdoo1
Iluvw/ frqvlghu wkh vfdoh ri upv1 Uhfdoo wkdw lq wkh Jhupdq htxloleulxp/ DF￿
C+tC,@
  C = Wkhuhiruh/ dv  ehfrphv vpdoo/ wkh htxloleulxp vfdoh tC frqyhujhv wr wkh h!flhqw
vfdoh tW
C +l1h1/ zkhuh DF￿
C+t, lv }hur,1 Djdlq/ wklv lv vlplodu wr prqrsrolvwlf frpshwlwlrq=
dv wkh ghpdqg fxuyh ehfrphv  dwwhu/ surgxfwlrq ehfrphv pruh h!flhqw1 Vlploduo| lq wkh
Dqjor0Vd{rq htxloleulxp/ iurp +44,/ dv  ehfrphv vpdoo/ wkh htxloleulxp vfdoh t￿ frqyhujhv
wr wkh h!flhqw vfdoh tW
￿1 Vlqfh tW
￿ ?t W
C/ zh fdq frqfoxgh wkdw/ zkhq wkh pdunhw lv odujh +l1h1/
 lv vpdoo,/ wkh vfdoh ri upv lq dq Dqjor0Vd{rq htxloleulxp lv vpdoohu wkdq wkdw ri upv lq
d Jhupdq htxloleulxp1
56Qh{w/ frqvlghu wkh fdvh zkhq htxloleulxp rxwsxw sulfhv duh wkh vdph/ S￿ @ SC/d vp l j k w
dulvh li wkhuh zdv rshq wudgh lq jrrgv exw qrw lq gluhfw qdqfldo vhuylfhv1 Wkh h{suhvvlrqv
+8f, dqg +43, ghwhuplqh wkh suredelolwlhv ri vxffhvv lq wkh wzr htxloleuld1 Diwhu glylglqj e|
tC/ wkh ohiw vlgh ri htxdwlrq +8f, lv htxdo wr SCtC+4C,1 Wkh suredelolw| ri vxffhvv C
lv erxqghg/ dqg dv  ehfrphv vpdoo/ tC frqyhujhv wr tW
C zklfk lv dovr erxqghg1 Wkhuhiruh/
dv  ehfrphv vpdoo/ wklv ohiw0vlgh whup frqyhujhv wr SC1 Vlploduo|/ wkh uvw whup lq eudfnhwv
lq htxdwlrq +43, frqyhujhv wr S￿ dv  ehfrphv vpdoo1 Wkhuhiruh/ frpsdulqj +8f, dqg +43,/ li
S￿ @ SC/ zh vhh wkdw ￿ ? C=Orrnlqj qrz dw wkh h{suhvvlrqv iru wkh htxloleulxp sulfhv/
+8h, dqg +<h,/ vlqfh sulfhv duh dvvxphg wr eh htxdo dqg ￿t￿ ? Ct C/z hk d y hQ ￿AQ C=
Wr vxppdul}h=
Sursrvlwlrq 8 Li wkh rxwsxw pdunhw lv odujh +l1h1/  lv vpdoo, wkhq upv duh odujhu lq wkh
Jhupdq wkdq lq wkh Dqjor0Vd{rq htxloleulxp1 Li/ lq dgglwlrq/ rxwsxw sulfhv duh htxdo/ wkhq
wkh Jhupdq htxloleulxp lqyroyhv ihzhu upv dqg wkhvh upv kdyh d orzhu suredelolw| ri
idloxuh1
Wklv vhhpv d uhdvrqdeoh dssur{lpdwlrq ri vw|ol}hg idfwv derxw wkh Jhupdq dqg Hqjolvk
hfrqrplhv dv wkh| shuvlvwhg lq wkh hduo| dqg plg 53wk fhqwxu|1 Hqjolvk upv duh wkrxjkw wr
kdyh ehhq vpdoohu dqg pruh qxphurxv wkdq wkhlu Jhupdq frxqwhusduwv/ dqg wr kdyh kdg ihzhu
gluhfw olqnv wr lqgxvwuldo edqnv1 Vrph zulwhuv kdyh dovr fodlphg wkdw upv idlo ohvv riwhq
lq wkh Jhupdq qdqfldo v|vwhp/ exw wklv lv kdug wr dvvhvv hpslulfdoo| jlyhq wkdw edqnuxswf|
odzv glhuhg lq wzr hfrqrplhv168
Pxowlsoh Htxloleuld1 Zh qh{w wxuq wr zklfk htxloleulxp zloo suhydlo1 Wkhuh duh sdudphwhu
ydoxhv dw zklfk erwk w|shv ri htxloleulxp fdq dulvh1 Wr vhh wklv/ frqvlghu {lqj doo sdudphwhuv
h{fhsw P/ wkh {hg frvw ri prqlwrulqj1 Zh zloo vkrz wkdw wkhuh lv d udqjh ri P vxfk wkdw
wkh hfrqrp| frxog hlwkhu eh lq d Jhupdq ru dq Dqjor0Vd{rq htxloleulxp1 Pruhryhu/ zkhq
pdunhwv duh odujh/ wklv udqjh frqwdlqv wkh sdudphwhu ohyho dw zklfk rxwsxw sulfhv duh wkh
htxdo1
Wr gr wklv/ dv ehiruh/ ohw O￿ =@    +Q￿  4,￿t￿1 Wklv lv dv wkh lqwhufhsw ri wkh
uhvlgxdo +h{shfwhg, ghpdqg fxuyh iru hdfk up lq dq Dqjor0Vd{rq htxloleulxp1 Vlploduo|/ ohw
OC =@    +QC  4,CtC1 Fohduo|/ wkh OC ghshqgv rq P/ wkh frvw ri prqlwrulqj1 Pruh
irupdoo|/ xvlqj wkh }hur surw frqglwlrqv iru wkh Jhupdq htxloleulxp/ ohw OC+P, eh ghqhg
e|=
pd{
^cZ t^OC+P,t`t#+,P yf+t,@3 1+ 4 9 ,
68 Vhh/ iru h{dpsoh/ G|vrq +4<;9,1 Iru d glvfxvvlrq ri Jhupdq edqnuxswf| odz/ vhh Hgzdugv ) Ilvfkhu
+4<<7/ss148<0497,
57E| wkh hqyhorsh wkhruhp/ OC+P, lv lqfuhdvlqj lq P1 Wkxv/ e| dssursuldwh fkrlfh ri P lq
h{suhvvlrq +49,/ OC+P, f d qw d n hr qd q |y d o x he h w z h h q3dqg 169 Zh fdq qrz uh0zulwh
wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iurp Sursrvlwlrq 6 iru d Jhupdq htxloleulxp wr eh







Vlploduo|/ zh fdq uhzulwh wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iurp Sursrvlwlrq 7 iru
dq Dqjor0Vd{rq htxloleulxp wr eh vxvwdlqdeoh/ +wkdw lv/ pd{Z Y￿+,  3,v l p s o |d vPP
zkhuh wkh odwwhu lv ghqhg e|
pd{
Z +t￿ ^+O￿  ￿t￿,t￿`t￿#+,P yf+t￿, ,@3 1+ 4 ; ,
Qrwlfh wkdw Y￿+￿,@Y ￿ ￿t￿P+y,f+t￿,1 Exw wkh surwv pdgh e| dq lqfxpehqw
up Y￿ lv dozd|v srvlwlyh1 Wkxv/ li  lv vpdoo dqg  lv forvh wr y/w k h qPA3 1
Lw uhpdlqv wr vkrz wkdw PAP =Vlqfh 3 ?O ￿? / wkhuh h{lvwv dq PW vxfk wkdw
OC+PW,@O ￿ 1 Zh zloo vkrz wkdw P ?P W?  P 1 E| wkh ghqlwlrq ri O￿/ zh nqrz wkdw
j￿+t>,@O ￿t#￿+,f+t,@t/ dqg wkdw wkh pd{lpxp ri wklv ixqfwlrq lv }hur1 Wkxv/
li P @ PW/w k h qj C+ t>,@O C+ P W,t #￿+,yf+t,@t ? 3 iru doo +t>, vlqfh yA 1
Lqwxlwlyho|/ wkh ghyldqw grhv qrw kdyh dffhvv wr d wklfn vhfrqgdu| dvvhw pdunhw rq zklfk wr
wudgh ghew1 Wkhuhiruh/ e| wkh ghqlwlrq ri P/ h{suhvvlrq +4:,/ PAP W 1
Qh{w/ zh vkrz wkdw PW AP=Lq wkh ghqlwlrq ri P/ h{suhvvlrq +4;,/ wkh pd{lpl}dwlrq
lv rqo| zlwk uhvshfw wr  +wkh vfdoh ri wkh ghyldqw hqwudqw lv {hg dw t￿,1 Lqwxlwlyho|/ wkh
hqwudqw up grhv qrw kdyh wkh rswlpdo vfdoh iru prqlwruhg ordq1 Doorzlqj vfdoh wr dgmxvw
zrxog udlvh surw1 Wkdw lv/
pd{
^cZ t++O￿  ￿t￿,t,t#+,P yf+t,  31+ 4 < ,
Exw vhwwlqj P @ P lq h{suhvvlrq +49,/ wkh }hur0surw frqglwlrq iru wkh Jhupdq htxloleulxp/
dqg frpsdulqj lw zlwk h{suhvvlrq +4<, lpsolhv OC+P,  O￿  ￿t￿ ru OC+P, ?O ￿@
O C + P W , 1 Wkhuhiruh/ P ?P W1
Zkhq wkh pdunhw lv odujh + vpdoo,/ wkh lqwhufhsw whupv OC+P, dqg O￿ duh dssur{lpdwho|
htxdo wr wkh sulfhv SC dqg S￿ uhvshfwlyho|1 Khqfh/ zkhq wkh frvw ri prqlwrulqj lv PW/ rxwsxw
sulfhv duh dssur{lpdwho| htxdo1 Wr vxppdul}h=
Sursrvlwlrq 9 Zkhq  lv vpdoo/ wkhuh lv d qrq0hpsw| udqjh ri prqlwrulqj frvwv ^P>P,
vxfk wkdw erwk Dqjor0Vd{rq dqg Jhupdq htxloleuld duh vxvwdlqdeoh1 Wklv udqjh frqwdlqv wkh
69 Wkh fdvh uCE'k /l vz k h qlv vr odujh wkdw wkhuh duh qr rwkhu dfwlyh upv1 Wr jhw uCE'f
pd| uhtxluh 	f / exw zh jlyh d frqglwlrq vxfk wkdw  : f ehorz1
58ohyho ri prqlwrulqj frvw dw zklfk rxwsxw sulfhv duh dssur{lpdwho| htxdo lq wkh wzr htxloleuld1
Zkhq P lv deryh wklv udqjh/ rqo| Dqjor0Vd{rq htxloleuld fdq eh vxvwdlqhg1 Li y lv forvh wr
/ wkhq P A 3/ vr wkhuh lv dovr d udqjh lq zklfk rqo| Jhupdq htxloleuld fdq eh vxvwdlqhg1
Zhoiduh frpsdulvrq1 Vlqfh erwk w|shv ri htxloleuld fdq dulvh/ wkhuh lv vfrsh iru frruglqd0
wlrq idloxuhv1 Krz duh wkh htxloleuld zhoiduh udqnhgB Dfwlyh hqwuhsuhqhxuv dozd|v suhihu wkh
DqjorVd{rq htxloleulxp vlqfh wkh| pdnh srvlwlyh surwv1 Ohqghuv duh lqglhuhqw vlqfh wkh|
pdnh }hur surwv lq hlwkhu fdvh1 Frqvxphuv suhihu orzhu rxwsxw sulfhv1
Vxssrvh wkh frvwv ri prqlwrulqj duh PW vr OC+P,@O ￿/d q gS ￿@ S Cdssur{lpdwho|1 Lq
wkh dsshqgl{/ zh vkrz wkdw SC +olnh OC, lqfuhdvhv lq P zkhq  lv vpdoo1 Khqfh/ zkhq PA
P W / wkh Dqjor0Vd{rq htxloleulxp Sduhwr grplqdwhv wkh Jhupdq htxloleulxp= frqvxphuv
suhihu wkh orzhu sulfhv dqg hqwuhsuhqhxuv suhihu srvlwlyh surwv1 ZkhqP?P W / krzhyhu/ wkh
htxloleuld duh qrw Sduhwr udqnhg= frqvxphuv suhihu wkh orzhu sulfhv lq wkh Jhupdq htxloleulxp
zkloh hqwuhsuhqhxuv suhihu Dqjor0Vd{rq htxloleulxp surwv1 Dw ohdvw zkhq prqlwrulqj frvwv
duh orz/ wkh jdlqv wr frqvxphuv suredeo| rxwzhljk wkh orvvhv wr hqwuhsuhqhxuv1 Wkdw lv/ iru
vrph sdudphwhu ydoxhv/ wkh Dqjor0Vd{rq htxloleulxp lv Sduhwr grplqdqw exw/ iru rwkhuv/ wkh
Jhupdq uhvxowv lq juhdwhu vrfldo vxusoxv1 Wr vxppdul}h1
Sursrvlwlrq : Iru  vpdoo +xs wr rxu dssur{lpdwlrq ehwzhhq lqwhufhswv dqg sulfhv,/ zkhq
PAP W / wkh Dqjor0Vd{rq htxloleulxp Sduhwr grplqdwhv wkh Jhupdq htxloleulxp> zkhq
P?P W / hqwuhsuhqhxuv suhihu wkh iruphu exw frqvxphuv suhihu wkh odwwhu1
Wkh srvvleoh frruglqdwlrq idloxuhv duh qrw/ krzhyhu/ v|pphwulf1 Lw lv srvvleoh iru wkh
hfrqrp| wr jhw vwxfn lq d Jhupdq htxloleulxp zkhq dq Dqjor0Vd{rq htxloleulxp Sduhwr
grplqdwhv1 Wr hvwdeolvk d wklfn pdunhw iru wudghdeoh dvvhwv uhtxluhv wkh frruglqdwlrq ri
pdq| djhqwv1 Exw elodwhudo frruglqdwlrq ehwzhhq mxvw rqh ohqghu dqg rqh eruurzhu fdq eh
vx!flhqw wr euhdn grzq dq Dqjor0Vd{rq htxloleulxp1
Xs wloo qrz/ zh kdyh rqo| frqvlghuhg ghyldwlrqv iurp d Dqjor0Vd{rq htxloleulxp lq zklfk
d ohqghu xqlodwhudoo| vhwv xs dq lqyhvwphqw edqn htxlsshg wr prqlwru ordqv wdnlqj dv jlyhq
wkh vfdoh ri doo srwhqwldo surmhfwv1 Vlqfh/ lq htxloleulxp/ wklv vfdoh lv qrw fkrvhq wr eh wkh
rswlpdo vfdoh iru d prqlwruhg ordq/ lw lv kdughu iru wkh ghyldqw ohqghu wr pdnh d surw1
Vxssrvh qrz/ krzhyhu/ wkdw d ohqghu dqg dq hqwuhsuhqhxu fdq jhw wrjhwkhu lq iruplqj dq
lqgxvwuldo edqn wr prqlwru d ordq dqg ghvljqlqj d surmhfw ri dssursuldwh vfdoh1 Lq wklv fdvh/
e| wkh dujxphqw xvhg lq Sursrvlwlrq 9 xvlqj h{suhvvlrqv +49, dqg +4<, deryh/ zh nqrz wkh
ghyldwlrq zloo eh surwdeoh li OC+P, ?O ￿￿t￿1 Li zh pdnh rxu xvxdo dvvxpswlrq wkdw
 lv vpdoo/ wkhq wklv lv forvh vr vd|lqj wkdw SC ?S ￿1 Wkdw lv/ dq Dqjor0Vd{rq htxloleulxp
59lv rqo| urexvw wr vxfk elodwhudo ghyldwlrqv zkhq lw zrxog uhvxow lq orzhu sulfhv= wkdw lv/ zkhq
lw lv Sduhwr grplqdqw1
Sursrvlwlrq ; Iru  vpdoo +xs wr rxu dssur{lpdwlrq ehwzhhq lqwhufhswv dqg sulfhv,/ li
elodwhudo ghyldwlrqv lqyroylqj rqh ohqghu dqg rqh hqwuhsuhqhxu duh srvvleoh/ wkhq dq Dqjor0
Vd{rq htxloleulxp lv vxvwdlqdeoh li dqg rqo| li lw Sduhwr grplqdwhv d Jhupdq htxloleulxp1 D
Jhupdq htxloleulxp fdq eh vxvwdlqhg hyhq zkhq lw lv Sduhwr lqh!flhqw1
Lq idfw/ wkhuh duh lpsruwdqw klvwrulfdo h{dpsohv wkdw vhhp wr fruuhvsrqg wr wklv w|sh
ri elodwhudo ghyldwlrqv1 Frqglwlrqv lq wkh odwh 4<wk fhqwxu| XVD orrn d orw olnh wkrvh zh
kdyh vdlg idyru wkh dgrswlrq ri prqlwruhg ordq qdqfh= uhodwlyho| odujh vfdoh lqgxvwuldo upv
dqg srzhuixo edqnv rshudwlqj d prqh|0wuxvw1 Vxuh hqrxjk/ vrphwklqj olnh Jhupdq0vw|oh
edqnlqj vwduwhg wr hphujh1 Kloihuglqj +4<43, vxjjhvwhg wkdw M1S1 Prujdq uhsuhvhqwhg wkh
Dphulfdq frxqwhusduw wr Jhupdq Ilqdqfh Fdslwdolvp/ dqg d prghuq yhuvlrq ri wklv ylhz lv
vxssruwhg e| Fdurvvr +4<:3,/ Gh Orqj +4<<4, dqg Udpluh} +4<<8,1 Wklv ghyhorsphqw zdv
klqghuhg/ krzhyhu/ e| uhjxodwlrq/ uvw olplwlqj edqn vl}h dqg jhrjudsklfdo vfrsh/ wkhq zlwk
wkh Fod|wrq dqg Jodvv0Vwhjdo dfwv/ gluhfwo| uhvwulfwlqj edqn0lqgxvwu| uhodwlrqvklsv16: Lw lv wrr
vlpsoh/ krzhyhu/ wr dujxh wkdw vxfk uhjxodwlrq wudsshg wkh XV lq d lqdssursuldwh/ frvwo| D0
htxloleulxp1 Lq wkh plg053wk fhqwxu|/ odujh P0irup upv dqg kroglqj frpsdqlhv ghyhorshg
lqwhuqdo fdslwdo pdunhwv1 Wkh| prqlwruhg wkhlu glylvlrqv dqg vxevlgldulhv pxfk dv edqnv
pljkw kdyh prqlwruhg folhqwv lq wkh devhqfh ri uhjxodwlrq16; Wkhvh lqvwlwxwlrqdo uhvsrqvhv
orrn d orw olnh wkh elodwhudo ghyldwlrqv wkdw rxu prgho vxjjhvwv zloo hphujh li dq D0htxloleulxp
lv lqh!flhqw1 Wkh P0irup up sod|v erwk ohqghu +fhqwhu, dqg eruurzhu +glylvlrq,1 Uhfhqw
qdqfldo ghuhjxodwlrq dqg wkh uh0hphujhqfh ri xqlyhuvdo edqnlqj lq wkh XV/ pljkw hyhq
xqghuplqh wkh qhhg iru vxfk edqn0vxevwlwxwh frusrudwlrqv16<
Wkh uhvxowv dovr kdyh srolf| lpsolfdwlrqv1 Vlqfh elodwhudo ghyldwlrqv vhhp sodxvleoh dqg
vhhp wr kdyh rffxuuhg lq sudfwlfh/ wkh prgho vxjjhvwv wkdw zh vkrxog zruu| pruh derxw wkh
srvvlelolw| ri jhwwlqj vwxfn lq dq lqh!flhqw Jhupdq htxloleulxp +zlwkrxw wklfn vhfrqgdu|
dvvhw pdunhwv, wkdq jhwwlqj vwxfn lq dq lqh!flhqw Dqjor0Vd{rq htxloleulxp +zlwkrxw prq0
lwrulqj lqyhvwphqw edqnv,173 Wkdw lv/ frqwhpsrudu| fdoov iru jryhuqphqw lqwhuyhqwlrq wr
6: Vhh/ iru h{dpsoh/ Fdorplulv ) Udpluh} +4<<9,1
6; Vhh/ iru h{dpsoh/ Ednhu*v +4<<5, vwxg| ri Ehdwulfh1
6< Vhh Fdorplulv +4<<;,1
73 Wklv lv wkh rssrvlwh frqfoxvlrq wr wkdw ri Ghzdwulsrqw ) Pdvnlq +4<<8,1 Wkh| dujxhg wkdw htxloleuld zlwk
Jhupdq0vw|oh +odujh, edqnv dqg Jhupdq0vw|oh +orqj0whup, surmhfwv fdq shuvlvw rqo| zkhq wkh| duh h!flhqw1
Wkhlu Dqjor0Vd{rq htxloleuld zlwk vpdoo edqnv dqg vkruw0whup surmhfwv fdq shuvlvw hyhq zkhq lqh!flhqw1
5:hqfrxudjh Jhupdq0vw|oh edqn0edvhg qdqfldo v|vwhpv pd| eh plvjxlghg1 Rq wkh rwkhu
kdqg/ lw lv srvvleoh wkdw wkh Jhupdq hfrqrp| lv vwxfn lq d sdwk0ghshqghqw/ lqh!flhqw htxl0
oleulxp1 Wkhvh duh fdvhv zkhuh jryhuqphqw vkrxog uhvwulfw prqlwruhg edqn ordqv ru surprwh
vhfrqgdu| pdunhwv/ iru h{dpsoh e| lvvxlqj jryhuqphqw ghew wkrxjk wkh vdph fkdqqhov1 Lq
4;wk fhqwxu| Eulwdlq/ wudghdeoh lqgxvwuldo ghew ehqhwhg iurp wkh suh0h{lvwlqj pdunhwv lq
jryhuqphqw dqg phufkdqw erqgv/ zkloh edqn ohqglqj pd| kdyh ehhq klqghuhg e| uhvwulfwlrqv
wr mrlqw vwrfn edqnlqj1 Lq wkh odwh 4<wk fhqwxu| XV/ qhwzrunv wkdw ghyhorshg wr sodfh odujh
lvvxhv ri jryhuqphqw ghew lq wkh flylo zdu zhuh odwhu xvhg wr glvwulexwh frpphufldo sdshu/
zkloh prqlwruhg edqn ohqglqj pd| kdyh ehhq klqghuhg e| uhvwulfwlrqv wr edqn eudqfklqj
dqg vfdoh1 Vlploduo|/ vrph kdyh dgyrfdwhg wkh xvh ri jryhuqphqw ghew lvvxh wr hqfrxudjh wkh
ghyhorsphqw ri vhfrqgdu| dvvhw pdunhwv lq Hdvwhuq Hxursh wrgd|1
7 Dsshqgl{
Vkrzlqj wkdw +t￿>￿, lv wkh xqltxh dujpd{ ri j￿1 Iluvw/ qrwlfh wkdw j￿+t>, ?
++Q￿ 4,￿t￿,  DF￿+tW,@1 Wkxv/ li  =@ ^   +Q￿  4,￿t￿`@DF￿+tW,/w k h q
j ￿ + =>, ? 3 iru doo ? 1V l q f h    + Q ￿  4,￿t￿ A 3/ zh nqrz wkdw  A 31 Vlqfh
j￿+t￿>￿,@3 /z hn q r zw k d w?4 1 Wkhuhiruh/ zh fdq uhvwulfw dwwhqwlrq wr  lq ^>4`1
Lw lv hqrxjk wr vkrz/ wkhuhiruh/ wkdw wkh ixqfwlrq j lv vwulfwo| orfdoo| frqfdyh iru doo fulwlfdo















Wkh uvw wzr ri wkhvh duh phw e| rxu dvvxpswlrqv rq wkh ixqfwlrqv # dqg f1 Vlqfh zh rqo|
uhtxluh txdvl0frqfdylw|/ wkh odvw frqglwlrq qhhg rqo| krog dw fulwlfdo ydoxhv1 Vxevwlwxwlqj lq






Zh uhtxluh wklv frqglwlrq wr krog iru doo fulwlfdo ydoxhv vxfk wkdw A 1 Qrwlfh wkdw/ vlqfh
 A 3/ wklv frqglwlrq lv phw dv  dssurdfkhv }hur> wkdw lv/ li wkh pdunhw jhwv odujh1
Vkrzlqj wkdw wkhuh h{lvwv d vroxwlrq wr htxdwlrqv +44, dqg +46,1 Ohw t￿+,
eh ghqhg e| DF￿+t￿+,, @ 2#￿￿+,/ dqg ohw t2+, eh ghqhg e| DF￿+t2+,, @ 1E |
frqvwuxfwlrq t2+3, @ tW/ t2+4, A 3 dqg t￿
2+, ? 3 rq ^3>4`1 Vlploduo|/ t3￿
￿ +tW, A 3/d q g
t ￿ +  ,$ 3dv  $ 41 Wkxv/ frqwlqxlw| dvvxuhv d vroxwlrq1
5;Vkrzlqj wkdw SC lv lqfuhdvlqj lq P1 Uhfdoo wkdw SC @ OC .tC+4C,1 Glhuhq0









+4  C,  tC
gC
gP
Zh nqrz wkdw gtC@gP A 3/ gOC@gP A 3/ dqg/ iurp h{suhvvlrq +8f,/ zh nqrz wkdw
gC@gP @+ gOC@gP,@#￿￿1 Wkhuhiruh gSC@gP A gOC@gP+4  tC@#￿￿,1V l q f h # ￿￿ A 3
iru doo A3 / wkh whup lq sduhqwkhvhv lv srvlwlyh iru vpdoo 1
Uhihuhqfhv
Dgohu/ E1/ E1 Srodn ) D1 Vfkzduw} +5333,= Uhjxodwlqj Frqvxphu Edqnuxswf|= D
Wkhruhwlfdo Lqtxlu| Mrxuqdo ri Ohjdo Vwxglhv/ 5</8;809461
Drnl/ P1 +4<<6,= Wkh Frqwlqjhqw Jryhuqdqfh ri Whdp Surgxfwlrq= Dqdo|vlv ri Lqvwl0
wxwlrqdo Frpsohphqwdulw|/ plphr/ Vwdqirug Xqlyhuvlw|1
Doohq/ I1 ) G1 Jdoh +4<<8,= D Zhoiduh Frpsdulvrq ri Lqwhuphgldulhv dqg Ilqdqfldo
Pdunhwv lq Jhupdq| dqg wkh XV/ Hxurshdq Hfrqrplf Uhylhz/ 6</ 4:<053<1
Doohq/ I1 ) G1 Jdoh +4<<:,= Ilqdqfldo Pdunhwv/ Lqwhuphgldulhv dqg Lqwhuwhpsrudo
Vprrwklqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/4 3 8 /8 5 6 0 7 9 1
Dqghuvrq/ E1O1 +4<:3,= Prqh| dqg wkh Vwuxfwxuh ri Fuhglw lq wkh Hljkwhhqwk Fhqwx0
u|/ Exvlqhvv Klvwru|/ [LL/ ;804341
Dvkwrq/ W1V1 +4<78,= Wkh Eloo ri H{fkdqjh dqg Sulydwh Edqnv lq Odqfdvkluh/ 4:<30
4;63/ Hfrqrplf Klvwru| Uhylhz/ [Y/ 580681
Dvkwrq/ W1V1 +4<88,= Dq Hfrqrplf Klvwru| ri Hqjodqg= Wkh 4;wk Fhqwxu|/ Orqgrq=
Phwkxhq1
Ednhu/ J1S1 +4<<5,= Ehdwulfh= D Vwxg| lq wkh Fuhdwlrq dqg Ghvwuxfwlrq ri Ydoxh/
Mrxuqdo ri Ilqdqfh/ 7:/43;4044<1
Edoljd V1 ) E1 Srodn +4<<8,= Edqnv yhuvxv Erqgv= D Vlpsoh Wkhru| ri Frpsdudwlyh
Ilqdqfldo Lqvwlwxwlrqv/ Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu 4433/ \doh Xqlyhuvlw|1
Ehvw P1 ) M1 Kxpskulhv +4<;9,= Wkh Flw| dqg Lqgxvwuldo Ghfolqh/ lq Hoedxp E1/ )
Z1Od}rqlfn +Hgv1,/ Wkh Ghfolqh ri wkh Eulwlvk Hfrqrp|/ R{irug/ Foduhqgrq/ ss15560
56<1
Ehfkw/ P1 ) F1 Udpluh} +4<<6,= Ilqdqfldo Fdslwdolvp lq suh0Zruog Zdu 4 Jhupdq|=
Wkh uroh ri xqlyhuvdo edqnv lq wkh qdqflqj ri Jhupdq plqlqj frpsdqlhv/ 4<3904<45/
zrunlqj sdshu/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh1
Erufkdugw/ Nqxw +4<:6,= Wkh Lqgxvwuldo Uhyroxwlrq lq Jhupdq|/ 4:3304<47/ lq F1P1
Flsrood +Hg1, Wkh Irqwdqd Hfrqrplf Klvwru| ri Hxursh= +7, Wkh Hphujhqfh ri Lqgxv0
wuldo Vrflhwlhv/ Orqgrq/ Froolqv/ ss1:904931
5<Exfklqvn| P1 ) E1 Srodn +4<<6,= Wkh Hphujhqfh ri d Qdwlrqdo Fdslwdo Pdunhw lq
Hqjodqg/ 4:4304;;3/ Wkh Mrxuqdo ri Hfrqrplf Klvwru|/ OLLL/ 40571
Fdorplulv/ F1 +4<<8,= Wkh Frvwv ri Uhmhfwlqj Xqlyhuvdo Edqnlqj= Dphulfdq Ilqdqfh
lq wkh Jhupdq Pluuru/ 4;:304<47/ lq Q1 Odpruhdx{ ) G1 Ud +hgv1, Frruglqdwlrq
dqg Lqirupdwlrq= Klvwrulfdo Shuvshfwlyhv rq wkh Rujdql}dwlrq ri Hqwhusulvh/ Fklfdjr/
Xqlyhuvlw| ri Fklfdjr Suhvv/ ss158:06541
Fdorplulv/ F1 +4<<;,= Xqlyhuvdo Edqnlqj Dphulfdq Vw|oh/ Mrxuqdo ri Lqvwlwxwlrqdo
) Wkhruhwlfdo Hfrqrplfv/ 487/ 7708:1
Fdorplulv/ F1 ) G1 Ud +4<<8,= Wkh Hyroxwlrq ri Pdunhw Vwuxfwxuh/ Lqirupdwlrq
dqg Vsuhdgv lq Dphulfdq Lqyhvwphqw Edqnlqj/ lq P1 Erugr ) U1 V|ood +hgv1,/ Dqjor0
Dphulfdq Ilqdqfldo V|vwhpv= Lqvwlwxwlrqv dqg Pdunhwv lq wkh 53wk Fhqwxu|/ Q\/ Luzlq
Sxeolvkhuv/ ss143604931
Fdorplulv/ F1 ) F1G1 Udpluh} +4<<9,= Wkh Uroh ri Ilqdqfldo Uhodwlrqvklsv lq wkh
Klvwru| ru Dphulfdq Frusrudwh Ilqdqfh/ Mrxuqdo ri Dssolhg Frusrudwh Ilqdqfh/< /
850:61
Fdqwloor/ P1 +4<<7,= D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw/ zrun0
lqj sdshu/ Vwdqirug Xqlyhuvlw|1
Fdurvvr/ Y1S1 +4<:3,= Lqyhvwphqw Edqnlqj lq Dphulfd/ Fdpeulgjh/ Kduydug Xqlyhuvlw|
Suhvv1
Fkdqgohu/ D1G1 +4<<3,= Vfdoh dqg Vfrsh= Wkh G|qdplfv ri Lqgxvwuldo Fdslwdolvp/F d p 0
eulgjh/ Kduydug Xqlyhuvlw| Suhvv1
Froolqv P1 +4<<3,= Hqjolvk Edqn Ohqglqj dqg wkh Ilqdqfldo Fulvlv ri wkh 4;:3v/
Exvlqhvv Klvwru|/ [[[LL/ 4<;05571
Froolqv/ P1 +4<<4,= Edqnv dqg Lqgxvwuldo Ilqdqfh lq Eulwdlq/ 4;3304<6</ Orqgrq/
PdfPloodq1
Froolqv/ P1 ) S1 Kxgvrq/ +4<:<,= Surylqfldo Edqn Ohqglqj= \runvkluh dqg Phuvh|vlgh/
4;5304;93/ Exoohwlq ri Hfrqrplf Uhvhdufk/ [[[L/ 9<0;31
Furx}hw/ I1 +4<96,= Fdslwdo Irupdwlrq lq Juhdw Eulwdlq gxulqj wkh Lqgxvwuldo Uhyr0
oxwlrq lq I1 Furx}hw +Hg1,/ Fdslwdo Irupdwlrq lq wkh Lqgxvwuldo Uhyroxwlrq/ Orqgrq/
Phwkxhq/ ss149505551
Gd Ulq/ P1 +4<<9,= Xqghuvwdglqj wkh ghyhorsphqw ri wkh Jhupdq Nuhglwedqnhq/ 4;830
4<47= dq dssurdfk iurp wkh hfrqrplfv ri lqirupdwlrq/ Ilqdqfldo Klvwru| Uhylhz/6 /
5<07:1
Gd Ulq/ P1 +4<<:,= Ilqdqfh dqg Whfkqrorj| lq Hduo| Lqgxvwuldo Hfrqrplhv= wkh uroh
ri hfrqrplf lqwhjudwlrq/ Uhvhdufk lq Hfrqrplfv/ 84/ 4:405331
Gh Orqj/ M1E1 +4<<4,= Glg M1S1 Prujdq*v Phq Dgg Ydoxh= dq hfrqrplvw*v shuvshfwlyh
rq qdqfldo fdslwdolvp/ lq S1 Whplq/ +Hg1, Lqvlgh wkh Exvlqhvv Hqwhusulvh= Klvwrulfdo
Shuvshfwlyhv rq wkh Xvh ri Lqirupdwlrq/ Xqlyhuvlw| ri Fklfdjr Suhvv/ ss153805841
63Ghzdwulsrqw/ P1 ) H1 Pdvnlq +4<<8,= Fuhglw dqg H!flhqf| lq Fhqwudolvhg dqg Gh0
fhqwudolvhg Hfrqrplhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 95/ 87408881
Gldprqg/ G1 +4<;7,= Ilqdqfldo Lqwhuphgldwlrq dqg Ghohjdwhg Prqlwrulqj/ Uhylhz ri
Hfrqrplf Vwxglhv/ 84/ 6<607471
Glfnvrq S1J1P1 +4<9:,= Wkh Ilqdqfldo Uhyroxwlrq lq Hqjodqg= d vwxg| lq wkh ghyhors0
phqw ri sxeolf fuhglw/ Orqgrq/ PdfPloodq1
G|vrq/ N1 +4<;9,= Wkh Vwdwh/ Edqnv dqg Lqgxvwu|= Wkh Zhvw Jhupdq Fdvh/ lq D1
Fr{ +hg1, Vwdwh/ Ilqdqfh dqg Lqgxvwu|= D Frpsdudwlyh Dqdo|vlv ri Srvw0Zdu Wuhqgv
lq Vl{ Dgdydqfhg Lqgxvwuldo Hfrqrplhv/ Euljkwrq/ Zkhdwvkhdi1
Hgzdugv/ M1 ) N1 Ilvfkhu +4<<7,= Edqnv/ Ilqdqfh dqg Lqyhvwphqw lq Jhupdq|/F d p 0
eulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Hgzdugv/ M1 ) V1 Rjloylh +4<<9,= Xqlyhuvdo Edqnv dqg Jhupdq Lqgxvwuldolvdwlrq= D
Uhdssdlvdo/ Hfrqrplf Klvwru| Uhylhz/ [OL[/ 75:07791
Iroklq/ F1 +4<<:,= Xqlyhuvdo edqnlqj qhwzrunv lq suh0zdu Jhupdq|= qhz hylghqfh
iurp frpsdq| qdqfldo gdwd/ Uhvhdufk lq Hfrqrplfv/ 84/ 53405591
Iroklq/ F1 +4<<;,= Uhodwlrqvkls Edqnlqj/ Ilup Oltxlglw| Frqvwudlqwv dqg lqyhvwphqw
lq Jhupdq Lqgxvwuldol}dwlrq1 Mrxuqdo ri Ilqdqfh/ 86+8,= 4:6:04:8;1
Iroklq/ F1 +4<<<,= Wkh Ulvh ri Lqwhuorfnlqj Gluhfwruvklsv lq Lpshuldo Jhupdq|/ Hfr0
qrplf Klvwru| Uhylhz/ 85+5,= 63:06661
Irkolq F1 +5333,= Uhjxodwlrq/ Wd{dwlrq dqg wkh Ghyhorsphqw ri wkh Jhupdq Xqlyhuvdo
Edqnlqj V|vwhp/ 4;;704<66/ FdoWhfk Vrfldo Vflhqfh zrunlqj sdshu 4398U1
Jdwuhoo/ Y1D1F1 +4<::,= Oderxu/ Srzhu/ dqg wkh Vl}h ri Ilupv lq Odqfdvkluh Frwwrq
lq wkh vhfrqg txduwhu ri wkh 4<wk fhqwxu|/ Hfrqrplf Klvwru| Uhylhz/ [[[/ <8046<1
Jhuvfkhqnurq/ D1 +4<95,= Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh= D Errn
ri Hvvd|v/ Fdpeulgjh/ Kduydug Xqlyhuvlw| Suhvv1
Jruwrq J1 dqg J1 Shqqdffkl +4<<6,= Vhfxulw| Edvnhwv dqg Lqgh{0Olqnhg Vhfxulwlhv/
Mrxuqdo ri Exvlqhvv/ 99+4,= 405:
Jurvvpdq V1 dqg R1 Kduw +4<;3,= Wdnhryhu Elgv/ wkh Iuhh0Ulghu Sureohp/ dqg wkh
Wkhru| ri wkh Frusrudwlrq/ Ehoo Mrxuqdo ri Hfrqrplfv/ 44/ ss 750971
Jxlqqdqh/ W1 +iruwkfrplqj,= Frrshudwlyhv dv Lqirupdwlrq Pdfklqhv= Jhupdq Uxudo
Fuhglw Frrshudwlyhv/ 4;;604<47/ Mrxuqdo ri Hfrqrplf Klvwru|1
Jxlqdqqh/ W1 +5334,= Wkh Ghyhorsphqw ri Jhupdq|*v Edqnlqj V|vwhp/ 4;3304<47/
zrunlqj sdshu/ \doh Xqlyhuvlw|1
Kloihuglqj/ U1 +4<43,= Ilqdqfh Fdslwdo/ D Vwxg| ri wkh Odwhvw Skdvh ri Fdslwdolvw Ghyho0
rsphqw/ +sdjhv qxpehuv txrwhg iurp wudqvodwlrq e| P1 Zdwqlfn ) V1 Jrugrq/ Orqgrq=
UNS/ 4<;41
64Kropvwurp/ E1 +4<<9,= Ilqdqflqj ri Lqyhvwphqw lq Hxursh= D Wkhruhwlfdo Shuvshf0
wlyh/ Lqgxvwuldo dqg Frusrudwh Fkdqjh/8 /5 3 8 0 6 : 1
Kropvwurp E1 dqg Wluroh/ M +4<<:, = Ilqdqfldo Lqwhuphgldwlrq/ Ordqdeoh Ixqgv dqg
wkh Uhdo Vhfwru/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 445/ ss 99609<41
Krphu/ V1 +4<96,= D Klvwru| ri Lqwhuhvw Udwhv/ Qhz Euxqvzlfn1
Krsslww/ M1 +4<;9,= Ilqdqfldo Fulvhv lq 4;wk Fhqwxu| Hqjodqg/ Hfrqrplf Klvwru|
Uhylhz/ [[[L[/ 6<08;1
Lqjkdp/ J1 +4<;7,= Fdslwdolvp GlylghgB Wkh Flw| dqg Lqgxvwu| lq Eulwlvk Vrfldo
Ghyhorsphqw/ Orqgrq/ PdfPloodq1
Nhqqhg|/ Z1 +4<;:,= Lqgxvwuldo Vwuxfwxuh/ Fdslwdo Pdunhwv dqg wkh Ruljlqv ri Eulwlvk
Hfrqrplf Ghfolqh Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Nhqqhg|/ Z1 +4<<3,= Fdslwdo Pdunhwv dqg Lqgxvwuldo Vwuxfwxuh lq wkh Ylfwruldq Hfrq0
rp|/ lq M1 Ydq Khowhq ) \1 Fdvvlv +Hgv1,/ Fdslwdolvp lq d Pdwxuh Hfrqrp|= Ilqdq0
fldo Lqvwlwxwlrqv/ Fdslwdo H{sruwv/ dqg Eulwlvk Lqgxvwu|/ 4;:304<6</ Doghuvkrw/ Hojdu/
ss1560851
Odqghv/ G1 +4<9<,= Wkh Xqerxqg Surphwkhxv/ Whfkqrorjlfdo Fkdqjh dqg Lqgxvwuldo
Ghyhorsphqw lq Zhvwhuq Hxursh iurp 4:83 wr wkh Suhvhqw/ Fdpeulgjh/ Fdpeulgjh
Xqlyhuvlw| Suhvv1
Pdvx|dpd/ V1 +4<<7,= Uroh ri Mdsdqhvh Fdslwdo Pdunhwv= Wkh hhfw ri Furvv0
Vkduhkroglqjv rq Frusrudwh Dffrxqwdelolw|/ lq Q1 Glpvgdoh dqg P1 Suhyh}hu +hgv1,
Fdslwdo Pdunhwv dqg Frusrudwh Jryhuqdqfh/ R{irug/ Foduhqgrq Suhvv1
Pd|hu/ F1/ +4<<4,= Vwrfn Pdunhwv/ Ilqdqfldo Lqvwlwxwlrqv/ dqg Frusrudwh Ilqdqfh/
lq Q1 Glpvgdoh dqg P1 Suhyh}hu +hgv1, Fdslwdo Pdunhwv dqg Frusrudwh Jryhuqdqfh/
R{irug/ Foduhqgrq Suhvv1
Prn|u/ M1 +4<;8,= Wkh Lqgxvwuldo Uhyroxwlrq dqg wkh Qhz Hfrqrplf Klvwru|/ lq M1
Prn|u +Hg1,/ Wkh Hfrqrplfv ri wkh Lqgxvwuldo Uhyroxwlrq/ Qhz Mhuvh|/ Urzpdq dqg
Doodqkhog/ ss140841
Plurzvnl/ S1 +4<;4,= Wkh Ulvh +dqg Uhwuhdw, ri d Pdunhw= Hqjolvk Mrlqw Vwrfn Vkduhv
lq wkh Hljkwhhqwk Fhqwxu|/ Mrxuqdo ri Hfrqrplf Klvwru|/ [OL/ 88<0 8::1
Plfklh/ U1F1 +4<;:,= Wkh Orqgrq dqg Qhz \run Vwrfn H{fkdqjhv/ 4;8304<47/ Orqgrq/
Doohq ) Xqzlq1
Qhdo/ O1 +4<<7,= Wkh qdqfh ri exvlqhvv gxulqj wkh lqgxvwuldo uhyroxwlrq lq U1 Iorxg
) G1PfFOrvnh|/ Wkh Hfrqrplf Klvwru| ri Eulwdlq vlqfh 4:33/ yro1 4/ Fdpeulgjh/
Fdpeulgjh Xqlyhuvlw| Suhvv/ ss148404;41
Qhdo/ O1 +4<<8,= Wkh Uhvsrqvh ri wkh Orqgrq Vwrfn Pdunhw wr Qhz Lvvxhv= Fdqdov/
Udlozd|v dqg Hpsluh lq wkh 4<wk Fhqwxu|/ sdshu suhvhqwhg dw DVVD phhwlqjv1
Qhdo/ O1 +4<<3,= Wkh Ulvh ri Ilqdqfldo Fdslwdolvp= Lqwhuqdwlrqdo Fdslwdo Pdunhwv lq
wkh Djh ri Uhdvrq/ Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
65Qhxexujkhu/ K1 ) K1 Vwrnhv +4<:7,= Jhupdq Edqnv dqg Jhupdq Jurzwk/ 4;;804<46=
dq hpslulfdo ylhz/ Mrxuqdo ri Hfrqrplf Klvwru|/ [[[LY/ :430 :641
Sdjdqr/ P1 +4<;<,= Hqgrjhqrxv Pdunhw Wklqqhvv dqg Vwrfn Sulrfh Yrodwlolw|/ Uhylhz
ri Hfrqrplf Vwxglhv/ 89/ 59<05;;1
Sdwwhuvrq/ P1 ) G1 Uhlhq +4<<3,= Wkh Hhfw ri wkh Exeeoh Dfw rq wkh Pdunhw iru
Mrlqw Vwrfn Vkduhv/ Mrxuqdo ri Hfrqrplf Klvwru|/ O/ 49604:41
Sroodug/ V1 +4<97,= Il{hg Fdslwdo lq wkh Lqgxvwuldo Uhyroxwlrq lq Eulwdlq/ Wkh Mrxuqdo
ri Hfrqrplf Klvwru|/ [[LY/ 5<<06471
Sruwhu1 P1 +4<<5,= Fdslwdo Glvdgydqwdjh= Dphulfd*v Idlolqj Fdslwdo Lqyhvwphqw V|v0
whp/ Kduydug Exvlqhvv Uhylhz/ ;3/ 980;51
Suhyhvd/ P1 ) P1 Ulfnhwwv +4<<7,= Wkh XN frpsduhg zlwk Jhupdq| dqg Mdsdq/
lq Q1 Glpvgdoh dqg P1 Suhyh}hu +hgv1, Fdslwdo Pdunhwv dqg Frusrudwh Jryhuqdqfh/
R{irug/ Foduhqgrq Suhvv1
Udmdq U1 ) O1 ]lqjdohv +5334,= Wkh Juhdw Uhyhuvdov= Wkh Srolwlfv ri Ilqdqfldo Gh0
yhorsphqw lq wkh 53wk Fhqwxu|/ QEHU zrunlqj sdshu ;4:;1
Udpluh}/ F1 +4<<5,= Ilqdqfldo Fdslwdolvp lq wkh Xqlwhg Vwdwhv dqg Jhupdq| dw wkh
Wxuq ri wkh Fhqwxu|/ sdshu suhvhqwhg wr Kduydug Hfrqrplf Klvwru| zrunvkrs1
Udpluh}/ F1 +4<<8,= Glg M1S1 Prujdq*v Phq Dgg Oltxlglw|= Frusrudwh Lqyhvwphqw/
Fdvk Iorz dqg Ilqdqfldo Vwuxfwxuh dw wkh wxuq ri wkh Wzhqwlhwk Fhqwxu|/ Mrxuqdo ri
Ilqdqfh/ 83/ 99409:;1
Uhsxoor U1 ) Vxduh} M1 +4<<;,= Prqlwrulqj/ Oltxlgdwlrq dqg Vhfxulw| Ghvljq/ Uhylhz
ri Ilqdqfldo Vwxglhv/ 44/ 49604;:1
Ulhvvhu/ M1 +4<3<,= Wkh Juhdw Jhupdq Edqnv dqg wkhlu Frqfhqwudwlrq/ wudqvodwhg iru wkh
Qdwlrqdo Prqhwdu| Frpplvvlrq/ Mhqd/ Ilvkhu +sdjhv txrwhg iurp wkh 4<44 Zdvklqjwrq/
Jryhuqphqw Sulqwlqj R!fh/ hglwlrq,1
Vd|huv/ U1V1 +4<9:d,= Prghuq Edqnlqj/ :wk hglwlrq/ R{irug Xqlyhuvlw| Suhvv1
Vd|huv/ U1V1 +4<9:e,= D Klvwru| ri Hfrqrplf Fkdqjh lq Hqjodqg/ 4;;304<6</ R{irug
Xqlyhuvlw| Suhvv/ Orqgrq1
Vfkhuinh/ U1 +4<<7,= Ilqdqfh dqg Hfrqrplf Ghyhorsphqw= Wkh Hyroxwlrq ri wkh Il0
qdqfldo V|vwhpv lq Jhupdq| dqg wkh XN/ plphr/ Eurzq Xqlyhuvlw|1
Vfkqhlghu0Ohqqh +4<<7,= Wkh Uroh ri Jhupdq Fdslwdo Pdunhwv dqg wkh Xqlyhuvdo
Edqnv/ Vxshuylvru| Erdugv/ dqg Lqwhuorfnlqj Gluhfwruvklsv/ lq Q1 Glpvgdoh dqg P1
Suhyh}hu +hgv1, Fdslwdo Pdunhwv dqg Frusrudwh Jryhuqdqfh/ R{irug/ Foduhqgrq Suhvv1
Vrorprx/ V1 +4<<7,= Hfrqrplf  xfwxdwlrqv/ 4;:3 4<46/ lq U1 Iorxg ) G1 PfForvnh|
+hgv, Wkh Hfrqrplf Klvwru| ri Eulwdlq vlqfh 4:33/ 5qg hglwlrq/ yro 5/ Fdpeulgjh/
Fdpeulgjh Xqlyhuvlw| Suhvv1
Vxeudkpdq|dp/ D1 +4<<4,= D Wkhru| ri Wudglqj lq Vwrfn Lqgh{ Ixwxuhv/ Uhylhz ri
Ilqdqfldo Vwxglhv/ 7+4,= 4:0841
66Wloo|/ U1 +4<;5,= Phujhuv/ H{whuqdo Jurzwk/ dqg Ilqdqfh lq wkh Ghyhorsphqw ri Odujh
Vfdoh Hqwhusulvh lq Jhupdq|/ 4;;304<46/ Wkh Mrxuqdo ri Hfrqrplf Klvwru|/ [OLL/ 95<0
98;1
Wloo|/ U1 +4<;9,= Jhupdq Edqnlqj/ 4;8304<47> Ghyhorsphqw Dvvlvwdqfh iru wkh
Vwurqj/ Mrxuqdo ri Hxurshdq Hfrqrplf Klvwru|/ 48/ 44604851
Wloo|/ U1 +4<<5,= Dq Ryhuylhz ri wkh Uroh ri Odujh Jhupdq Edqnv wr 4<47/ lq
\1 Fdvvlv +Hg1, Ilqdqfh dqg Ilqdqflhuv lq Hxurshdq Klvwru|/ 4;;304<93/ Fdpeulgjh/
Fdpeulgjh Xqlyhuvlw| Suhvv1
Wloo|/ U1 +4<<8,= Wkh Ehuolq Vhfxulwlhv H{fkdqjh lq Qdwlrqdo Frqwh{w= Dfwruv/ Uxohv
dqg Uhirupv wr 4<47/ sdshu suhvhqwhg wr Zdvklqjwrq DVVD Phhwlqj1
Wloo|/ U1 +4<<;,= Xqlyhuvdo Edqnlqj lq Klvwrulfdo Shuvshfwlyh/ lq Mrxuqdo ri Lqvwlwx0
wlrqdo dqg Wkhruhwlfdo Hfrqrplfv/4 8 7 /: 0 6 5 1
Wloo| U1 ) U1 Iuhpolqj +4<:9,= Jhupdq Edqnv/ Jhupdq Jurzwk dqg Hfrqrplf Klv0
wru|/ Wkh Mrxuqdo ri Hfrqrplf Klvwru|/ [[[YL/ 74907571
Zhlqvwhlq/ G1 ) \1 \dihk +4<<;,= Rq wkh Frvwv ri Xqlyhuvdo Edqnlqj= Hylghqfh iurp
Fkdqjlqj Pdlq Edqn Uhodwlrqv lq Mdsdq/ Mrxuqdo ri Ilqdqfh/ 86/ 9680:51
Zhee/ V1E1 +4<;3,= Wdulv/ Fduwhov Whfkqrorj| dqg Jurzwk lq wkh Jhupdq Vwhho
Lqgxvwu|/ 4;:<04<47/ Mrxuqdo ri Hfrqrplf Klvwru|/ 73/ 63<05<1
67